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Abstract 
This thesis is concerned with the use of unsaturated iodine compounds as building 
blocks in heterocyciic synthesis. 
The first investigation involved the use of l,l-diiodo-2,2-dinitroethylene in 
developing a new synthetic route to highly functionalised iodonitroindolizine 
heterocycles. Although this new type of ring-formation was successful, the yields of the 
iodonitroindolizine derivatives obtained were low. 
The structure of one derivative was proved by x-ray crystallography. The reaction 
was extended successfully to isoquinolinium salts, but quinolinium salts did not undergo 
the reaction. 
The second area investigated was the use f trimethylsilylalkynyliodonium tritlate 
in building new nitrogen and iodine containing heterocycles via alkylidene carbene 
insertion reactions. Unfortunately, the studies with iodonium salts have met with little 
success. 
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Abbreviations 
Ar Aromatic 
nBu n- butyl 
'Bu t- butyl 
I) chemical shift 
DBU 1,8-Diazabicyc!o[5.4.0jundec-7-ene 
IR infrared 
m.p. melting 
nmr nuclear magnetic resonance 
r. t. room temperature 
t.l.c. thin layer chromatography 
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1.0 Introduction 
1.1 General introduction 
Iodine was discovered in 1811, and although it is relatively uncommon in nature it 
plays an important role in biological organisms, including humans, for whom it is 
essential for the proper functioning of the thyroid gland. It is found most often as 
monovalent compounds and forms relatively weak bonds with first-row elements 
including carbon. However, because it is the most polarizable and largest element among 
the common halogens, it is also capable of forming stable polycoordinate, multivalent 
compounds. Iodine is also a good leaving group in SN2 reactions, because iodine forms' a 
weak C-I bond. Iodine compounds are also useful in radical reactions (e.g. attack by 
BU3SnO) and palladium coupling reactions e.g. Stille, Heck and Suzuki coupling reactions 
and have been used extensively in synthetic organic chemistry. In this thesis the use of 
unsaturated iodine compounds, such as alkynyl iodonium salts and 1,I-diiodo-2,2-
dinitroethylene are described. 
I 
1.2 Synthesis and reactions of 1,1-diiodo-2,2-dinitroethylene 
1.2.1 Synthesis of 1,1-diiodo-2,2-dinitroethylene 
.. 'X' 
I I 
HNO, 
1 
Scheme 1 
1,I-Diiodo-2,2-dinitroethylene 2 (Scheme 1) was first reported by Blitz and co-
workers in 1900. It was synthesised by the nitration oftetraiodoethylene. Analytical 
techniques such as 13C nmr spectroscopy and X-ray crystallography are particularly 
useful in determining structures like 1.1-diiodo-2.2-dinitroethylene. Unfortunately. when 
1,I-diiodo-2,2-dinitroethylene was first discovered these analytical techniques was not 
available yet. Hence. Blitz and co-workers had incorrectly assigned the structure as 1,2-
diiodo-I.2-dinitroethylene 3 (Scheme 2) based on the limited data of elemental analysis 
and molecular weight. 
In 1992. Kurt Baum and co-workers[lJ have reinvestigated the on work of Blitz 
and co-workers. and they have found that the DC nmr spectrum consisted of two peaks at 
24.8 and 157.3ppm. Although 1.2-diiododinitroethylene could be expected to show two 
signals as a mixture of cis and trans isomers. the large difference in chemical shift was 
not consistent with the structure. Therefore with the 13C nmr spectrum they have 
suggested that the compound is 1,I-diiodo-2,2-dinitroethylene. rather 1.2-isomers. They 
have further confirmed the assignment by single-crystal X-ray diffraction analysis. 
.. 
'x' 
, I 
HNO, 
1 
Scheme 2 
2 
1.2.2 Reactions of 1,I-diiodo-2,2-dinitroethylene 
Baum and co-workers[J) have studied some displacement reactions with 1,1-
diiodo-2,2-dinitroethylene because there are only a few gem-dinitro olefins reported. As 
vidnal halo nitro olefins are susceptible to Michael additions, and substitution by 
nucJeophiles, they examined some reactions of l,l-diiodo-2,2-dinitroethylene with 
nucJeophiles with the aim of forming new dinitro olefin derivatives. 
They have found that amines react rapidly at ooe with l,l-diiodo-2,2-
dinitroethylene in dichloromethane to give stable high-melting substitution products, as 
shown in Table 1. They have also proved that good to excellent yields of the substitution 
products of both iodines were obtained from secondary as well as primary aliphatic 
amines and anilines. The have also explained that the high melting points obtained from 
the range of substituted products are consistent with the structures, as would be expected 
I· for the effect of two electron-withdrawing nitro groups and two electron-supplying amino 
substituents on the double bond forming a push-pull system. 
Besides, they have tried reacting ammonia with l,l-diiodo-2,2dinitroethylene 
which they hope would give 1,I-diamino-2,2-dinitroethylene. However, the sole product 
was found to be ammonium cyanodinitromethide 4 (Scheme 3). They rationalised this 
reaction on the basis of the loss of HI from the monosubstitution product, or of loss of 
ammonia, from the disubstitution product. 
+ 
.. 
4 
Scheme 3 
3 
Table 1. Reactions of Amines with 1,1-Diiodo-2,2-dinitroethylene 
amine product mp (OC) yield (%) 
(CH3)2NH (CHJ2N N02 
>=< 
218-219 68 
(CH3)2N N02 
PrNH2 PrH2N N02 209-211 64 
>=< PrH2N N02 
C.HsNH2 C.HsNH N02 
>=< 
182-183 68 
C.HsNH N02 
H 
CcNH2 Q:N N0
2 249-250 66 
I >=< 
.0 NH2 
.0 N NO H 2 
H 
NH2(CH2)2NH2 eN N02 261-262 74 >=< ~ N02 
H 
NH2(CH2)3NH2 eN N02 243-244 60 
>=< ~ N02 
H 91 NH2(CH2)4NH2 eN N02 211-212 )={ 
~ N02 
H H 217-218 92 C(CH2NH2)4 02N NXN N02 
>=< >=< 02N N N N02 H H 
4 
They have also reported that addition of 1,I-diiodo-2,2-dinitroethylene to a solution of 
phenol in aqueous sodium hydroxide gave a 55% yield of 1,I-dinitro-2,2,2-
triphenoxyethane S (Scheme 4). 
NaOH 
PhOH + .. 
5 
Scheme 4 
Finally, the last reaction that was examined was the reactivity of 1,I-diiodo-2,2-
dinitroethylene towards nitrite ion. They have found that an excess of potassium nitrite 
gave the dipotasium salt of tetranitroethane in 90% yield. 
IXI 02NXN02 2K+ 
+ KN02 • 
02N N02 02N N02 
2 6 
SchemeS 
Since the publication of Baum and co-workers there has to the best of our 
knowledge, been no further information reported regarding the chemistry of l,l-diiodo-
2,2-dinitroethylene. 
5 
1.3 Alkynyl. and Alkenyl(pheny\)iodonium compounds 
1.3.1 Introduction to organic iodonium compounds 
Compounds with highly coordinated, polyvalent main-group elements represent 
an interesting alternative to the many well-known transition-metal complexes. Among the 
oldest and best known stable examples of such organic molecules are the iodine (Ill) 
compounds. DiaryIiodonium species, Ar2IX, for example, have been known for over a 
hundred years and play an important role in lithography. Likewise, acetylenes and olefins 
are among the oldest, most important. and most valuable compounds in chemistry. 
Besides simple hydrocarbon alkenes and alkynes. numerous functionalised derivatives 
are also known and widely employed in organic chemistry. Despite the ubiquity and 
prominance of both IIll species and olefins and acetylenes. the combination of these two 
types of functional groups in a single molecular unit namely compounds with polyvalent 
iodine and at least one a1kyne or olefin residue was unknown until recently. The 
successful preparations of simple a1kynyl- and alkenyl(phenyl)iodonium species during 
the 1980s has resulted in a renaissance in both acetylene and IIll chemistry. These 
alkynyJiodonium compounds readily undergo nucleophilic substitution on the alkyne 
moiety (SwA reactions) which are difficult with other substrates. The application of a 
wide variety of nucleophiles in this reactions resulted in diverse functionalised alkynes 
including previously unknown acetylenic carboxylates. sulfonates. and phosphates. These 
are excellent substrates for cycIoaddition reactions as well as numerous other interesting 
chemical transformations. 
6 
I 
I 
I 
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1.3.2 Preparation of Alkynyl(phenyl)iodonium compounds 
Stang and co-workers[2,3] have made a comprehensive study of 
alkynyl(phenyl)iodonium compounds, Most of the alkynyl(phenyl)iodonium reviewed in 
this chapter are reactions presented by Stang. After several studies on 
alkynyl(phenyl)iodonium compounds and their stability by previous chemists, 
C.Wilgerodt in 1886. Beringer and Galton in 1965. Merkushev and co-workers. Stang 
and co-workers have developed two efficient methods for the preparation of 
alkynyl(phenyl)iodonium trifluoromethanesulfonates (triflates). In the first procedure a 
trimethylsilyl- or stannylalkyne is treated with Zefirov's reagent 8 generated in situ 
(Scheme 6). A variety of alkynyliodonium triflates are obtained in good to excellent 
yields (45-95%) as stable. microcrystalline solids. 
PhlO + 
7 
CH2CI2• 0
0 
C 
(CF3S02)20 • 
+ 
[ 
TtO OTt 1 
I ° I Ph-I'" 'I-Ph 
RC=CI Ph OS02CF3 + (Me3Si)p 
9 
Scheme 6 
If a stannyl instead of a silyl substituent is used to stabilise the intermediate vinyl 
cation. this procedure even affords the parent ethynyl(phenyl)iodonium triflate in 
moderate (56%) isolated yield. The analogous tetrafluoroborate 11 has been prepared by 
desilylation of 10 with HFIH20 (Scheme 7). 
7 
+ 
PhlO 
7 
• 
10 
46%HF 1 
+ -H---=='--IPh SF 4 
11 
Scheme 7 
The second methodl3 involves the use of stannylalkynes and iodonium triflate 
12 for the preparation of a wide variety of ~-alkyl-and ~-arylethynyl(phenyl)iodonium 
triflates 9. The previously inaccessible ~-functionalised ethnynyl(phenyl)iodonium 
triflates 13 may also be synthesised in this way.14 
OTt 
I 
Y--'::::::;::=--SnR3 + PhlCN 
12 
• 
Scheme 8 
+ 
y'--==--IPh OTf 
13: Y = CN, RC(O) 
Likewise this procedure allowed Stang to prepare15 the novel bis(iodonium)acetylenes 
14 (Scheme 9), diynes 15 (Scheme 10), and related bis(iodonium) compounds 16-
18. 16 This reaction of 12, an iodonium transfer, is the most general and simplest 
method to date for the preparation of alkynyliodonium species. 14. 15 This method can 
also be used for the syntheses of buta-I,2-dinynyl(phenyl)iodonium triflates 19. 17 
8 
+ 
CH,pi,. 
+ + 
-30" 20 cC, N2 Phl-==:=--IPh 2RFS03 
·2~SnCN 
Scheme 9 
+ + 
Phl---'==:-----;==:=--I Ph 
• 
-2R,SnCN 
Scheme 10 
2RFS03 
15: RF =CF3 
OTt OTt 
I 0 I Phi IPh 
16 
?Tt ?Tt 
Phi IPh 
17 
Ott OTt 
I 
( C ) n 
I 
Phi IPh 18:n=1,2,4,5 
H2 
+ 
-R IPh Ott 19 
Scheme 11 
9 
It is evident from the foregoing discussion that alkynyl(phenyl)iodonium species 
have become readily available in the past few years9, 11, 14, 15, 19 
and represent a new member of the family of compounds with polycoordinate iodine and 
carbon substituents. 
Although little direct mechanistic work has been reported concerning the 
formation of these alkynyliodonium species, indirect evidence provides a reasonable 
hypothesis, With the exception of Beringer's synthesis of phenyl(~-
Cl 
Ph---'==--U + PhlCI2 
E!,O, G-S'C I 
• Phl---'==--I Ph 
20 
Scheme 12 
phenylethynyl)iodonium chloride (a) (Scheme 12) all methods employ some type of an 
electrophilic iodonium reagent such as 8, 12, 22 and 23 (Scheme 14), Hence, in the first 
step (Scheme 13) an iodonium species 20 must add electrophilicaIly to an alkyne with 
formation of a vinyl cation l8 and! or cyclic iodonium species 21. Subsequent loss of R'Y 
results in the alkynyl(phenyl)iodonium species. In support of this mechanism 19 is the 
x X X 
+ Ph" / Y Ph PhlY + R R' • • \ A • I-Y 20 i=< 
R R' R R' 
21 
R' = H, SiMe3, SnR3 
l-R'Y 
+ 
R IPh X 
Scheme 13 
10 
Tt? OTt 
Ph_I/O,I_Ph 
8 
?Tf o 
11 
PhlCN 
12 
Ph I (OCCF3)2 
22 
Scheme 14 
Phl(OH)OTs 
23 
observed acceleration of the reaction in polar solvents, the regiochemistry of addition, 
and above all the stabiIisation of carbocations, particularly vinyl cations,21, 22 by ~-silyl 
and ~-stannyl substituents. 10.20 
1.3.3 Characterisation and Properties of Iodine (Ill) compounds 
1.3.3.1 Physical Properties 
Stang and co-workers reported3 that all pure alkynyl(phenyl)iodonium species are 
microcrystalline solids. Their stability depends both upon the substituents on the alkyne 
and on the counterion. The less nucleophilic the counterion, the more stable the resulting 
iodonium species. Hence, the most commonly used counterions are BF4' and CF3S03', 
and mesylates, CH3S03', may also be stable but are usually less stable than those species 
previously mentioned. Their solubility is limited to non-nucleophilic polar solvents. They 
tend to decompose in methanol and ethanol as well as in dimethyl sulfoxide (DMSO) and 
dimethylformamide (DMF). The best solvent seems to be acetonitrile. Reactions may be 
be carried out under initially heterogeneous conditions in solvents like dichloromethane 
(CHzCb) or chloroform (CHCh) where the mixture becomes homogeneous as the 
reaction proceeds. In general, the simple alkyl-substituted alkynyl(phenyI)iodonium 
compounds are indefinitely stable as solids when refrigerated. Substituted compounds 
such as 13 and the bis(iodonium) species 14 and 15 tend to be somewhat less stable. 
11 
Although explosions have been reported22 with both (PhI+ -O-I+Ph)2BF4' and the 
perchlorate analogues23 of 23, Stang and co,workers have experienced no problems in 
handling these materials, but have stressed caution when handling all iodonium species, 
+ 
Phl----'=:-IPh OS02C6H4CH3 
24 
1.3.3.2 Spectral Properties 
The infrared spectra5 display strong absorptions characteristic of the anions: for 
BF4', intense broads band between 1000 - 1100 cm" and for CF3S03', two strong signals 
around 1270 cm" and 1000 cm". Moreover, the C=C absorption of the alkynyl 
compounds, although generally weak, is usually discernible between 2120 and 2190 cm", 
Most diagnostic are the 'H and I3C NMR spectra, All alkynyl(phenyl)iodonium 
species have 'H NMR spectra with three signals between 8 = 7.50 and 8.25 in a 2:1:2 
ratio for the hydrogens of the phenyl group, The relatively low-field position of these 
signals is in accord with the strong electron-withdrawing effect of the iodonium moiety 
and its deshielding. 
1.3.4 Chemistry with Alkynyl(phenyl)iodonium Compounds 
Nucleophilic acetylenic substitutions (Sw A), although known, are generally 
unfavourable,24 However, iodonium groups are excellent leaving groups,25 and loss of 
neutral iodobenzene from phenyliodonium salts, analogous to the loss of neutral nitrogen 
from diazonium salts, should facilitate SwA processes. Furthermore, 
alkynyl(phenyl)iodonium species 25 may serve formally as masked alkynyl cations 
RC=c+, This amounts to an umpolong of the normal acetylene reactivity. Reactions with 
nucleophiles are possible in contrast to the better known reaction of acetylides RC=C' 
12 
with electrophiles. Hence at least in principle, it is possible to think in tenns of 
alkynylations. 
1.3.4.1 Alkynylations 
X 
I 
R---=;:='--I-Ar 
25 
The first alkynlation reation with an alkynyliodonium species was reported by 
Beringer and Galton,6 (Scheme 15). Reaction of iodonium salt 20 with the anion of 
indandione 26 in t-BuOH gave phenylethynylindandione 27. 
0 0 
Cl 
I lBuCK 
CsHs + Ph IPh • 
/SuOH,83°C 
0 0 Ph 
26 20 27 
Scheme 15 
Ochiai et al. 12 demonstrated that 11 reacts with a variety of 13-dicarbonyl enolates 
28-30 resulting in the corresponding ethynyl products 31-33 (Scheme 16).Similarly, 
Bachi and Stang9 established that alkynyl(phenyl)iodonium triflates 9 react with 
aminomalonate 34 providing the corresponding alkynylmalonates 35. Unfortunately, they 
found out that this reaction only work with soft nucleophiles such as the anions of 
dicarbonyl compounds just mentioned. Alkynylation of simple enolates does not occur. 
However, alkynylation is possible for soft inorganic nucleophiles such as Ph3P 26 
(Scheme 18), and even organometallic nucleophiles (Scheme 19). Reaction (Scheme 19) 
13 
amounts to an oxidative addition to a metal centre and is one of the best ways of 
introducing a tenninal cr acetylide ligand into a metal complex.27 
0 0 
+ 
R + H IPh-SF4 • 
0 0 
H 
28 11 31 
YOE1 0 0 + OEt + H IPh -SF4 • 
H 
29 11 32 
0 
I Et02C Ph EtOC + 
>-Ph + H IPh -SF4 • 
Et02C' Et02C 
H 
30 11 33 
Scheme 16 
14 
Ph C02Et 
>=N-< 
Ph CO Et 2 
+ 
+ R-==--IPh OTt 
34 9: R = Ph, nBu, tBu, MeaSi 
1 
Ph>= 
C02Et 
_N (- R 
Ph C02Et 
35 
Scheme 17 
+ - + 
Ph3P + R (Ph BF4 • RC=CPPh3 BF4-
36 
Scheme 18 
R 
Ph3P, ,CO + 11 M + R IPh -OTt • 
C( 'PPha 9: R-H, Ph, tBu PhaP ........ CO M Cl" ' .... PPh OTt 3 
M = Rh,lr 
Scheme 19 
15 
1.3.4.2 Acetylenic Ester Formation 
The corresponding acetylenic esters 37-39 (Scheme 20), were unknown until 
early 1990. Conventional methods of either ester or acetylene synthesis do not work for 
the preparation of these alkynyl esters 37-39, which combine two of the most common 
and useful organic functional groups in a single in molecule.28 Stang had solved the 
37 38 
Scheme 20 
R 
R---c:===:-O-P 
I 'OR' 
OR' 
39 
problem by the use of alkynyl(phenyl)iodonium species as progenitors. Treatment of 9 or 
related compounds of polyvalent iodine with PhC02Na gave the corresponding alkynyl 
benzoates29 (Scheme 21). The reaction of 9 with Na02P(OR'h gave the corresponding 
a1kynyl dialkyl phosphates 39 30 (Scheme 22). These alkynyl esters derived from 
alkynyl(phenyl)iodonium compounds have been the subject of numerous interesting 
studies3! including the generation of ynolates,32 novel hydrolyses,33 enzyme inhibition,34 
and cycIoadditions.35 
16 
+ 0---1<..° R IPh-OTf + PhC02Na • R 
Ph 
9 R = H, alkyl, Ph 
38 
Scheme 21 
0 
+ 11 
R IPh -on + Na02P(OR')2 • R O-P I ..... OR' 
OR' 
9 39 
Scheme 22 
1.3.4.3 Mechanism of the SN-A Reaction 
The alkynlations discussed in section 1.3.4.1 and the acetylenic ester fonnations 
(section 1.3.4.2) are SwA processes. However, the actual reaction mechanism is more 
complex. Stang proved that there is increasing evidence that these reactions occur by 
Michael addition, fonnation of an unsaturated carbene, and rearrangement to the alkyne 
(Scheme 23). Specifically, Michael addition of the nucleophile to the 
alkynyl(phenyl)iodonium species results in yJide 40. 
17 
+ 
R IPh • X + Nu -
I ·x· 
[N> + NU) + ] IPh • • IPh R 
40a 40b 
I·Phl 
[">=~ • R Nu 
41 
Scheme 23. Mechanism of the SN-A reaction of alkynyl(phenyI)iodonium compounds 
Loss of iodobenzene from 40 gives the unsaturated carbene 41,36 which in the 
absence of external traps rearranges to the aIkyne. Stang has provided the evidence for 
this process with the following method: when 36. was treated with Me3SiN3 in wet 
CH2Ch, the (~-azidoalkenyl)phenyliodonium tetrafluoroborates 42 (Scheme 24) were 
obtained.37 If the reaction is carried out with NaN3 in CH30H or in the presence of 
Et3SiH, products 43 and 44 (Scheme 12) are obtained.38 These result from the well-
known insertion of unsaturated carbenes 41, (Nu = N3) into the CH30-H and Et3Si-H 
bonds, respectively.36 Moreover, carbene 41 (Nu = N3) can also be trapped 
intramolecularly by insertion into a C-H bond;38 intermediate 45 then gave the cyclic 
alkenyl azide 46 (Scheme 26). 
18 
+ 
R---'='--IPh - SF 4 + Me3SiN3 
36 
R H )=<+ -
N3 IPh SF4 
42: R = Me, tBu, n-CSH'7 
Scheme 24 
R H 
'''=./ 43 
N/ "O-CH 3 3 
+ NaN, 
R---':::::::'--I Ph OTs 
44 
Et,SiH 
Scheme 25 
19 
• 
46 
45 
Scheme 26 
Stang and co-workers have also isolated both the rearranged alkyne (major 
product) and the trapped product (a cyclopentene derivative) from the same reaction 
(Scheme 27),39 
+ 
Scheme 27 
20 
1.3.4.3 Cz- and C4- Transfer Reactions 
Interaction of 14, with a variety of nucleophiles results in novel 
difunctionalised acetylenes 47-50 (Scheme 28). This corresponds formally to a ez-
transfer. Analogously, 15 reacts with NaSPh by a C4-transfer to give 51.15 Compounds 
16-18 react with excess Ph3P, as well as with other nucleophiles, resulting in the 
corresponding diphosphonium salts (analogous to 49) and difunctionalised alkadiynes, 
. I 16 respectl ve y. 
+ + 
Phi IPh20Tf 
14 
+ + 
Phi IPh20Tf 
14 
2PhSNa, CH3CN"35 oc 
·Phl 
2PhOU, CH3CN,·35.cC 
·Phl 
2Ph3P, CCI •• 20 oc 
·Phl 
1 Ph,P. CCI •• 20 cc 
·Phl 
PhS SPh 
47 
PhO OPh 
48 
+ + 
Ph3P PPh3 20Tf 
49 
+ + 
Phi PPh3 20Tf 
50 
+ + 
Ph 1---':::::=--':::::='--1 Ph 2 CF3S03 - + NaSPh 
15 
! 
PhS-==--==--SPh 
51 
Scheme 28 
21 
1.3.4.3 Cycloadditions 
As highly electron-deficient acetylenes. alkynyJiodonium compounds should 
be excellent cyc\oaddition partners. Indeed it was proved that 9 and in particular the 
substituted systems 13 readily react with cyclopentadiene and furan resulting in 
cycloadducts 52 and 53 (Scheme 29).40 The compound 14 also reacts with a variety of 
dienes under very mild conditions providing the cyc\oadducts 53-55 (Scheme 3D).4} 
These adducts are versatile cyclic products suitable for further synthetic elaboration 
by virtue ofthe remaining iodonium functionality. 
}V--::::=--tPh OTt ---I 
Bul 
13 
o 
Scheme 29 
22 
~B"' 
(Ph OTt 
52 
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2.1 Introduction 
(i) 
+ .. 
o 
57a 59a 
Scheme 31 
The intention of the studies described in this chapter49 was to develop a synthetic 
route to new highly functionalised indolizine heterocycles, which might be of potential 
biological interest, as many of the heterocycles possess important biological properties. 
The proposed synthetic strategy is outlined in Scheme 31. The key starting material first 
investigated was the methyl 2-pyridinium-I-ylethanoate bromide 57a which is readily 
available by the known reaction of pyridine with methyl bromoacetate in ether. It was 
then hoped that the anion generated by deprotonation of the active methylene group 
would undergo reaction with the known2 1,I-diiodo-2,2-dinitroethylene 2 to give the 
undescribed iodonitroindolizine 59a. 
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2.2 Studies on the synthesis of 2-iodo-3-methoxycarbonyl-l-nitroindolizine and its 
derivatives 
57 
(i) CH2Clz, r.t., Et3N and N2 (g) 
R 
a:C02Me 
b:C02Et 
c:CN 
d:C6HsCO 
2 
(i) 
.. 
R 
59 
Scbeme32 
Preliminary evidence for the formation of 59a had been obtained43 but the 
absolute structure had not been proved and in particular the position of the iodo and nitro 
substituents was in doubt. This reaction was now investigated further with the hope of 
improving the yield (59a first isolated in only 17% yield43), and obtaining enough 
material to allow complete characterisation. 
The 1,1-diiodo-2,2-dinitroethylene 2 investigated Scheme 32 was readily 
available from the known l •2 nitration of tetraiodoethylene. This compound was 
investigated for its reaction with several different pyridinium salts as shown in Scheme 
32. In practice, the methyl 2-pyridinium-l-ylethanoate bromide 57a was first treated with 
triethylamine which could partly deprotonate the methylene group to generate a 1,3-
dipole. Then at room temperature under nitrogen, the bright yellow mixture was further 
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treated with 1,I-diiodo-2,2-dinitroethylene 2 in dichloromethane, which gave 
disappointing low yield (21 %) of yellow coloured crystals after chromatography whose 
analytical and spectroscopic properties were fully in accord with its formulation as the 
previously unknown 2-iodo-3-methoxycarbonyl-I-nitroindolizine 59a. 
In particular the product's 'H nmr spectrum (Spectrum 1) was consistent with the 
proposed sturcture43 and showed two doublet signals and two double doublet signals 
which corresponds to the aromatic hydrogens of the compound. Besides there was also 
singlet at 0 4.02 proving the presence of the methyl ester group of the compound. The i.r. 
spectrum of the compound showed a peak at 1693 cm" corresponding to an ester group, 
and signal at 1503 and 1380 cm" consistent with the presence of a nitro group in the 
molecule. Crystals of the compound 59a were obtained but proved unsatisfactory for x-
ray diffraction. In order to confirm unambiguously the position of the iodine atom and the 
nitro group in the indolizine, the corresponding ethyl ester 59b was prepared using the 
ethyl pyridinium42 substituted acetate 57b. The indolizine 59b was obtained in better 
yield (43%) and had spectroscopic properties in accord with the proposed structure 59b. 
The yellow crystals (m.p. 160-161 0c) this time allowed x-ray diffraction analysis and 
the structure was confirmed as the 2-iodo-l-nitroindolizine 59b (Figure 1 and appendix 
1). 
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Having established the structure of the compound, a mechanism for its formation 
can be considered, and is shown in Scheme 33 
o N 
R 
)-
57 
• 
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Scheme 33 
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The likely course of the reaction involves a 1,3-dipolar cycloaddition occuring 
between the nitrogen ylide 57 and the l,l-diiodo-2,2-dinitroethylene compound 2 to give 
the bicyclic intermediate 58_ Loss of hydogen iodide and nitrous acid could then occur to 
form the fully aromatic indolizine product 59_ 
The regiochemistry of the addition is most likely to be determined by the negative 
end of the dipole in the pyridinium ylide attacking the positively polarised Col carbon of 
the 1,1-diiodo-2,2-dinitroetbylene_ This would result in the formation of the 2-iodo-l-
nitro indolizine 59_ The IH nmr spectrum of the crude products showed a set of signals of 
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a compound present in trace amount which may have been the corresponding l-iodo-2-
nitroindolizine. Unfortunately the trace compound could not be isolated in sufficient 
quantity to allow its full characterisation. 
The successful fonnation of the 2-iodo-I-nitro indolizine 593 albeit in low yield 
(21 %) by the reaction of 1,I-diiodo-2,2-dinitroethylene with pyridinium salt prompted an 
investigation into the scope ofthis reaction. 
The I-cyanopyridinium bromide 57c 44 was readily obtained in low yield (24%) 
by reaction of bromoacetonitrile and pyridine at room temperature in ether. The 1-
cyanopyridinium salt 57c was deprotonated with triethylamine and treated with 1,1-
diiodo-2,2-dinitroethylene 2. A mixture of isomers of cyanonitroiodoindolinzine 
derivative 59c, was isolated at low yield (33%). The isomers appear in a ratio of 3: 1 in 
the IH nmr spectrum. A signal at 2214 cm·1 in the infra-red spectrum clearly showed the 
presence of a nitrile group in the product. 
The deprotonation of the acetophenone derived pyridinium salt45 57d with 
triethylamine and further treatment of 1,I-diiodo-2,2-dinitroethylene 2 also gave Iowa 
yield (17%) of the expected 3-benzoyl-2-iodo-l-nitroindolizine derivative 59d which 
analysed and showed spectroscopic properties fully in accord with its assigned structure. 
The reaction was also investigated at low temperature in an attempt to improve 
the yield of the indolizine product. It was hoped that competing decomposition of the 1,1-
diiodo-2,2-dinitroethylene might be minimised at -78°C, and allow the reaction pathway 
to fonn the indolizine to predominate. However mixing the reagents at -78 QC and 
gradually allowing the mixture to warm to room temperature not only failed to improve 
the yield, but actually resulted in a more complex mixture from which no indolizine was 
isolated. 
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Then it was decided to investigate further examples of pyridinium salt with 
several different benzyl groups as shown in scheme 34. Thus an attempt to react 1-(4-
bromobenzylpyridinium bromide 60a with triethylamine and 1,1-diiodo-2,2-
dinitroethylene 2, gave only a high recovery of the unreacted starting material of the 
pyridinium salt 60a. The same thing was observed with the cyanobenzyl 60b and 4-
nitrobenzyl pyridinium salt 60c. None of the desired product was obtained instead a high 
recovery of unreacted starting material was obtained in each case. 
It was thought that the failure to obtained the desired product with the benzyl 
pyridinium salt, could have been due to the relatively weak triethylamine used as base. 
As an alternative to the triethylamine base. it was decided to investigate the effect of 
sodium hydride on the reaction of the cyanobenzyl pyridinium salt 60b with 1,J-diiodo-
2.2-dinitroethylene 2 in tetrahydoruran. as this was expected to quantitatively deprotonate 
the methylene group of the pyridinium salt. Disappointingly, the reaction was 
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unsuccessful and high recovery of starting material was again obtained. Therefore, the 
reaction with the benzyl pyridinium salts was not investigated further. 
Me Me 
(i) 
+ .. 
N I 
~ 
o 
62 2 63 
Scheme 35 
In an attempt to extend the reaction and prepare further examples of the 
iodonitroindolizines, it was next decided to investigate the reaction using the picolinium 
salt 62, as shown in Scheme 35. Thus, the picolinium salt which was obtained in 
moderate yield (66%) by reaction of 4-picoline with bromoacetophenone, was 
deprotonated by triethylamine and further treated with 1,ldiiodo-2,2-dinitroethylene 2. 
This reaction gave the expected methyl substituted iodonitroindolizine derivative 63, 
which showed spectroscopic and mass spectrometric properties are fully in accord its 
assigned structure. 
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2.3 Studies on the reaction of isoguinolinium and guinolinium salts with 1.1-diiodo-
2,2-dinitroethylene 
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Scheme 36 
In an attempt to further extend the scope of the new cycJoaddition reaction, the 
behaviour of the 1,I-diiodo-2,2-dinitroethylene 2 toward yJides derived from other 
heterocyclic precursors was studies. Quinolinium and isoquinolinium salts with an active 
methylene group attached to the nitrogen represent suitable starting materials for the 
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construction of tricyclic pyrrolo fused ring systems. The first reaction studied 
involved the isoquinolinium derivative 64 which potentially could form either of the 
tricycles 66 or 68 on cycloaddition of the 1.1-diiodo-2.2-dinitroethylene. 
In the present studies it was found (Scheme 36) that reaction of the 
deprotonated ethyl 2-isoquinolinium-2-ylethanoate bromide46 64 with 1.1-diiodo-2.2-
dinitroethylene 2 gave only yellow crystals (24%) of the 3-ethoxycarbonyl-2-iodo-l-
nitropyrrolo[2.1-aj isoquinoline derivative 66 and none of the linear fused-
pyrrolo[1.2-bjisoquinoline 68. This is proved by consideration of the lH nmr spectrum 
because no singlets which correspond to the aromatic of the middle ring of 
isoquinoline derivative of 68a was observed. Instead the spectroscopic properties 
were fully consistent with the assigned structure 66a. 
64 65 
64 67 
Scheme 37 
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For cycloaddition to occur to give 66 the resonance structures 64 and 6S can be 
considered. Both 64 and 6S contain an intact benzene ring, while for the other 
orientation of addition 64 and 67 should be considered. Only 64 contain an intact 
benzene ring, and the resonance structure 67 will contribute little to the overall 
structure of the ylide. Thus the transition state leading to reaction with the resonance 
hybride 65 is likely to be lower in energy and the reaction to produce 66 will be faster 
than that to form 68. 
It was then decided to investigate the reaction with another example of an 
isoquinolinium salt. Thus phenylacyl isoquinolinium bromide,'? which readily 
obtained in essentially quantitative yield from isoquinoline and bromoacetophenone, 
was treated with triethylamine and 1,1-diiodo-2,2-dinitroethylene, to give a low yield 
(47%) of the expected fused pyrrolo[2,I-ajisoquinoline, which analysed and showed 
spectroscopic properties fully in accord with its assigned structure 66b. 
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In an attempt to extend the reaction and prepare further examples of the 
iodonitroindolizines, it was next decided to investigate the reaction using the 
picolinium salt 62, as shown in Scheme 35. Thus, the picolinium salt which was 
obtained in moderate yield (66%) by reaction of 4-picoline with bromoacetophenone, 
was deprotonated by triethylamine and further treated with 1,ldiiodo-2,2-
dinitroethylene 2. This reaction gave the expected methyl substituted 
iodonitroindolizine derivative 63, which showed spectroscopic and mass 
spectrometric properties are fully in accord its assigned structure. 
35 
70. Thus it was attempted to deprotonate the known46 quinolinium salt (62) with 
triethylamine and further treat it with 1,I-diiodo-2,2-dinitroethylene 2 as proposed in 
Scheme 38. In practice reacting quinolinium salt 69 with 1,I-diiodo-2,2-dinitroethylene 2 
yielded an intractable brown oil and gave only unidentifiable material. 
It was thought that the triethylamine base was not strong enough to deprotonate 
the acidic proton of the quinoIinium salt. Therefore, as an alternative it was decided to 
investigate the use of sodium hydride in the reaction of quinoIinium salt 69 with 1,1-
diiodo-2,2-dinitroethylene 2. Disappointingly however, the use of this base in 
tetrahydrofuran under anhydrous conditions yielded only intractable brown oil which 
gave no evidence for the formation of the expected iodo-pyrrolo quinoline 70. 
A final attempt before focusing on other salts was to investigate the effect of the 
base DBU on the reaction of the quinolinium salt 69 with 1,I-diiodo-2,2-dinitroethylene 
2 in dichloromethane as solvent at -78°C. The reaction again gave an intractable mixture 
from which none of the expected iodo-pyrroloquinoline derivative could be isolated. In 
fact, DBU was not a suitable base for this reaction because it made purification by flash 
chromatography difficult. 
The reason for the failure of the quinolinium salts to react smoothly with the 1,1-
diiodo-2,2-dinitroethylene is not clear and merits further investigation. 
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2.4 Studies on the reaction of a benzothiazoUum yUde with 1,1-diiodo-2,2-
dinitroethylene 
[):S IXI [):S I ~ ~ + -x- I~ N02 N 
EtOY 
02N N02 
Br EtO 
0 0 
71 2 72 
j IQ 
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Scheme 39 
The reaction (Scheme 39) of the ethyl 2-{l,3-benzothiazol-3-ium-3-
yl)ethanoate bromide 71 with l,l-diiodo-2,2-dinitroethylene 2 in dichloromethane at 
room temperature under nitrogen was also attempted in the hope of obtaining the 
interesting 
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fused pyrrole thiazole derivative 72. However the reaction gave a low yield of a 
compound which had spectroscopic properties inconsistent with the tricyclic structure 72. 
The I H nmr spectrum (Spectrum 2) showed the presence of two ethyl groups both 
with diastereotopic methylene groups, and two doublets at 0 4.42 and 4.76 characteristic 
of a further strongly diastereotopic methylene group. In addition the presence of eight 
aromatics hydrogens signals was inconsistent with the expected product structure 72 and 
suggested a product derived from two molecules of the benzothiazole 71. The 
compound's mass spectrum contained a signal at 457 consistent with a molecular formula 
CllHllNlOSSl. This allowed the structure 76 to be proposed for the product and this was 
then confirmed by x-ray crystallography as shown in Figure 2. 
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It is not clear why the benzothiazolium salt has not reacted with the 1,1- diiodo-2,2-
dinitroethylene in a similar fashion to the pyridinium salts. The formation of the 
dimeric product 76 can be accounted for as shown in Scheme 40. The ylide derived 
from the benzothiazolium salt 71 could have attacked the C-2 atom of another 
molecule of the benzothiazolium salt to form dimer 73. Oxidation of this compound 
must have occurred to form the double bond between the two benzothiazole rings. It is 
not clear what the oxidising agent is for this process, but the l,l-diiodo-2,2-
dinitroethylene 2 is a likely candidate. The two electron withdrawing nitro groups in 
this molecule make it a potential hydride or electron acceptor. Alternatively the 
l,l-diiodo-2,2-dinitroethYlene is known to decompose to form molecular iodine, and 
this may caused the oxidation. The intermediate 74 must then have undergo a 
hydration reaction with traces of water in reaction mixture to form 75. Further 
oxidation to form the benzothiazol-2-one ring in the product 76 must have also 
occurred. The order of the hydration and oxidation steps is not clear and may have 
occurred in the reverse order to those shown in Scheme 40. 
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To try to determine the mechanism of formation of 76, it was then decided to 
investigate the reaction of benzothiazolium salt 71 with triethylamine in the absence 
of 1,l-diiodo-2,2-dinitroethylene, hoping that any reaction would give the dimer 
compound 73 and that oxidation would be prevented. In practice, treating the 
benzothiazolium salt 
41 
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with triethylamine in dichloromethane as solvent gave an unknown compound which 
gave a IH nmr spectrum (Spectrum 4) showing a diastereotopic methylene group with 
doublet signals at a 3 58 and 4 50, and an ethyl ester signal also with a diastereotopic 
methylene group but no signal attributable to the two vicina1 hydrogens of the central 
bond of the dimer 73 were present. Crystals of the compound were obtained but proved 
unsuitable for x-ray crystallography. This compound has not yet been identified and 
further work is required to fully characterise it and determine its structure. 
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2.5 Other reactions with 1,1-diiodo-2,2-dinitroethylene 
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The reaction (Scheme 42) of tosylmethyJisocyanide (TOSMIC) 77 with 1,1-
diiodo-2,2-dinitroethylene 2 in dichloromethane at room temperature, in the presence of 
triethylamine was also investigated in the hope of obtaining the interesting iodonitro 
pyrrole 78. However this reaction gave only a low yield of an intractable brown mixture 
which was not further investigated. 
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Due to the apparent high reactivity of the 1,I·diiodo·2,2·dinitroethylene 2 and its 
tendency to lose iodine, it was decided to study the possible replacement of the iodide 
substituents by chlorine to form the 1,1·dichloro·2,2·dinitroethylene 79 which may have 
proved to be a more stable form of this useful building block. 
The attempted substitution reaction of 1,I·diiodo·2,2·dinitroethylene with two 
equivalents of anhydrous lithium chloride at room temperature in methanol was 
unsuccessful. The mixture decomposed upon aqueous work·up to give an intractable 
black solid, which was not investigated further. 
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An attempt to react two equivalents of ethyl 4-nitrophenylacetate 80 with 1,1-
diiodo-2,2-dinitroethylene 2 in dichloromethane at room temperature in presence of the 
base DBU was studied. However this reaction was unsuccessful and gave an intractable 
mixture which was not investigated further. 
In conclusion the 1,1-diiodo-2,2-dinitroethylene 2 has been shown to be a useful 
building block for the synthesis of iodo and nitro functionalised pyrrolo fused 
heterocycles. The compound merits further investigation to extend its synthetic potential 
in heterocycIic chemistry. 
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2.7 Experimental 
General experimental methods 
Commercially available reagents were used as supplied from Aldrich, Lancaster 
and Avocado chemical companies without purification unless otherwise stated. Light 
petroleum refers to the fraction boiling between 40°C and 60 QC. Ethyl acetate and light 
petroleum were distilled from calcium chloride. Dichloromethane as distilled from 
phosphorus pentoxide or calcium hydride. Methanol was distilled from magnesium 
turnings and iodine after reaction overnight to form magnesium methoxide. 
Triethylamine was stored over potassium hydroxide pellets. 
Air or moisture sensitive reactions were carried out using glassware that had been 
dried overnight in an oven at ISO °C and allowed to cool in a dessicator over self 
indicating silica gel. All moisture and air sensitive reactions were carried out under a 
positive pressure of nitrogen. Reagents and solvents were introduced using syringe or 
cannula techniques through a septum cap. 
Organic extracts were dried over anhydrous magnesium sulfate prior to filtration 
and evaporation under reduced pressure. All yields are based on unrecovered starting 
material. 
Infra-red spectra were recorded using Perkin-Elmer 1600 and Perkin Paragon 100 
spectrometers. IH NMR and J3C NMR spectra were recorded on Broker AC2S0 or Broker 
400 spectrometer. 
The IH NMR spectral abbreviations are br = broad signal, d = doublet, dd = 
double of doublet, t = triplet, q = quartet, m = multiplet. Coupling constants are reported 
to one decimal place with an accuracy of ± O.OSHz. 
Mass spectrometry (ms) analysis were recorded on an Jeol SX102 instrument for 
either El or FAB spectra. 
Melting points were carried out on a Leica Gallin hot plate melting apparatus or 
and Electrothermal-IA 9100 apparatus and are uncorrected. 
Analytical thin layer chromatography was carried out using either aluminium or 
glass based plates coated with silica Merck Kieselgel 60 GFzs4• Plates were visualised 
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under a UV lamp (at 254 andl or 36Onm) or by staining with visualising agents such as 
potassium permanganate or ammonium molybdate foJlowed by heating. Flash 
chromatography was carried out using Merck 9385 Kieselgel 60-45 (230-400mesh). 
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1,1-Diiodo-2,2-dinitroethylene (2) 
111 
ON ,I NO 
2 2 
1, I-Diiodo-2.2dinitroethylene was prepared by nitration of tetraiodoethylene with 
fuming nitric acid (>90 %) as described by Baum.2 yield 86% and had m.p. 67-69 °C (lit. 
m.p. 68-70 0c) and vm;JxI cm'· (thin film) 1555(C=C). 1482 (N02) and 1316 (N02)' 
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The range of pyridinium salts shown above was prepared by the reaction of 
pyridine with appropriate alkyl bromide as described by De Bue. Krohnke and 
~asielski42.44.4s 
~ame: MethyI2-pyridinium-l-ylethanoate bromide (57a) 
Yield: 62 % 
OH (250 MHz. CDCh) 3.87 (3H. s. CH3-9). 6.45 (2H. s. CH2-7). 8.07 (2H. t. J = 7.0. 
ArH). 8.51 (!H. t. J=< 7.9 ArH). 9.47 (2H. d. J=< 5.6. ArH). 
~ame: Ethyl 2-pyridinium-lylethanoate bromide (57b) 
Yield: 70 % 
liH (250 MHz. CDCh) 1.16 (3H, t. J = 7.2. CH3-11). 4.14 (2H. q. J = 7.2. CHz-10). 6.10 
(2H. s. CH2-7). 8.04 (2H. t. J =< 6.9. ArH). 8.53 OH. t. J = 7.9 ArH). 9.38 (2H. J = 5.8. 
ArH) 
~ame: 1-cyanomethylpyridinium bromide (57c) 
Yield: 24 % 
liH (250 MHz. CDCI3) 6.04 (2H. s. CH2-7). 8.28 (2H. t. J= 7.0 ArH). 8.76 (!H. t. J = 7.6. 
ArH). 9.22 (2H. d. J = 5.8. ArH). 
Name: 1-phenyl-2-pyridinium-1-ylethan-l-one bromide (57d) 
Yield: essentially quantitative 
liH (250 MHz. CDCh) 7.21 (2H. s. CH2-7). 7.54 (2H. t. J = 7.4. ArH). 7.68 (!H. t. J = 7.4. 
ArH). 8.07 (2H. t. J = 7.4. ArH). 8.19 (2H. d. J = 7.2. ArH). 8.51 (lH. t. J = 7.9 ArH). 
9.32 (2H. d. J = 5.6. ArH). 
Name: 1-(4-bromobenzyl)pyridinium bromide (57e) 
Yield: 73 % 
OH (250 MHz. CDCh) 6.24 (2H. s. CH-7). 7.53 (2H. d. J = 8.6, ArH), 7.68 (2H, d, J = 
8.3. ArH), 8.10 (2H. t. J = 7.4. ArH). 8.54 OH, t, J = 8.3. ArH). 9.66 (2H. d. J = 5.6. 
ArH). 
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Name: 1-(4-cyanobenzyI)pyridinium bromide (57f) 
Yield: 58 % 
OH (CDCI3, 250MHz) 6.09 (2H, s, CH2-7), 7.73 (3H, dd, J = 4, 12.5, ArH), 8.10 (2H, t, J 
= 7.0, ArH), 8.57 (lH, t, J = 7.6, ArH), 9.37 (2H, d, J = 6, ArH) 
Name: 1-(4-nitrobenzyl)pyridinium bromide (57g) 
Yield: 59 % 
OH (250 MHz, CDCh) 6.33 (2H, s, CH2-7), 7.65 (lH, d, J = 8.3, ArH), 7.99 (2H, d, J = 
8.6, ArH), 8.20 (4H, m, ArH), 8.64 (lH, t, J = 7.9, ArH), 9.63 (2H, d, J = 6.0, ArH). 
Attempted preparation of 1.cyanomethyl·benzothiazolium bromide 
5 6a4 S3 I 42 
7 ,,-:; N 
8 9 1( 
10 eN 
11 
Br 
Benzothiazole (2.18 ml, 20 mmol) was dissolved in ether (10 mI). The resulting 
orange solution at room temperature was treated with bromoacetonitrile (1.35 mI, 20 
mmol) in ether (10 ml). The mixture was left to stir for 48 hours with constant monitoring 
by t.I.c. The reaction was unsuccessful as no solid precipitate was obtained and 
decomposition occurred forming a brown gum. 
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Picolinium (62), isogninolininm (64), guinolinium (69) and benzothiazolium (71) 
salts 
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The range of different salts shown above was prepared by the reaction of either 4-
picoline, isoquinoline, or quinoline with the appropriate alkyl bromide as described by 
Alvarez-Builla, Grzeskowiak, Ihler and Katritzky.46,47 
Name: 2-(4-methylpyridinium-l-yl)-l-phenylethan-l-one chloride (62) 
Yield: 66 % 
OH (250, MHz, CDCb) 1.25 (3H, s, CH3-5), 7.02 (2H, s, CH2-8), 7.56 (2H, t, J = 7.2 ArH), 
7.69 (!H, t, J = 7.4 ArH), 7.81 (2H, d, J = 6.2, ArH), 8.18 (2H, d, J = 7.2, ArH), 9.14 
(2H, d, J = 6.5, ArH). 
Name: Ethyl 2-isoquinolinium-2-ylethanoate bromide (64a) 
Yield: 26 % 
8H (CDCh) 1.23 (3H, t, J = CH3-15), 4.21 (2H, q, J = 4.5, CH2-14), 6.31 (2H, s, CH-ll), 
7.89-7.91 (IH, m, ArH), 8.06-8.08 (2H, m, ArH), 8.19 OH, d, J = 4.3, ArH), 8.54 OH, d, 
J = 5.8, ArH), 8.64 (!H, d, J = 5.3, ArH), H-1O not detected. 
Name: Isoquinolinium-2-yl(phenyl)methanone chloride (64b) 
Yield: 76 % 
CH (250 MHz, CDCb) 7.01 (2H, s, Cfu-ll), 7.54-7.63 (2H, m, ArH), 7.73 (!H, t, J = 7.4 
ArH), 8.00-8.07 (!H, m, ArH), 8.17 (2H, d, J = 7.2, ArH), 8.23 (2H, t, J = 11.6 ArH), 
8.39 (!H, d, J = 7.0, ArH), 8.51 OH, d, J = 8.3, ArH), 8.83 OH, d, J = 5.8, ArH), 10.45 
(lH, s, ArH), 
Name: EthyI2-quinolinium-l-ylethanoate bromide (69) 
Yield: 34 % 
8H (250 MHz, CDCb) 1.31 (3H, t, J = 7.2, CH-IS), 4.29 (2H, q, J = 7.2, CH-13), 6.63 
(2H, s, CH-ll), 7.96-7.99 (IH, m, Ar-H), 8.15-8.21 (3H, m, Ar-H), 8.32 (lH, d, J = 8.1, 
Ar-H), 9.11 (lH, d, J = 8.3, CH-4), 10.62 (lH, d, J = 5.5, CH-2). 
Name: EthyI2-(l,3-benzothiazol-3-ium-3-yl)ethanoate bromide (71) 
Yield: 5 % 
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15H (250 MHz, CDCh) 1.30 (3H, t, J = 7.2, CH-l3), 4.28 (2H, q, J =,7.2, CH2-I2), 6.36 
(2H, s, CH-IO), 7.77-7.88 (2H, m, ArH), 7.90 (!H, d, J = 8.3, ArH), 8.36 (!H, d, J = 7.9, 
ArH), 12.03 (!H, S, CH-2), 
General procedure for the synthesis of iodonitro indolizine and fused pyrrolo 
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The indolizine and fused pyrrolo products shown above were prepared by 
dissolving the appropriate salt (2 mmol) in dichloromethane (5-10 ml). The resulting 
mixture was treated with triethylamine (0.84 ml, 6 mmol) and treated drop wise with 1,1-
diiodo-2,2-dinitroethylene (0.74 g, 2 mmo!) in dichloromethane (3 m!). The reaction 
mixture was left to stir for 24 hours at room temperature. 
The mixture was washed with water (5 ml) and the aqueous layer extracted with 
dichloromethane (5 x 15 m!). The dichloromethane extracts were dried over MgS04 and 
evaporated to give a brown oil (crude product) which was flash-chromatographed over 
silica. Gradient elution with light petroleum-ethyl acetate gave bright coloured crystals of 
the following compounds. 
Name: 2-Iodo-3-methoxycarbonyl-l-nitroindolizine (59a) 
. Crude product: 0.53 g 
Yield: 0.15 g, 21 % 
Elution solvent: light petroleum-ethyl acetate (9: 1) 
Appearance: Light yellow coloured crystals 
YmaJ cm· l (thin film) 2914 (C-H), 1693 (C=O), 1503 and 1380 (N02) and 1217 (C-O). 
OH (250 MHz, CDCh) 4.02 (3H, s, CH3), 7.11 OH, t, J = 6.9, ArH), 7.54 OH, t, J = 8.8, 
ArH), 8.57 OH, d, J = 9.3, ArH), 9.65 (lH, d, J = 7.2, ArH). 
oc(CDCh, l00MHz) 52.1 (CH3-12), 116.6 (ArCH), 116.8, 117.9, 119.2 (ArCH), 119.3, 
128.8 (ArCH), 129.9 (ArCH), 130.2, 135.5 (ArCq), 161.3 (CO). Quaternary carbons not 
fully assignable due to the presence of extra weak signals. 
m.p. 136-137 °C 
Name: 3-Ethoxycarbonyl-2-iodo-l-nitroindolizine (59b) 
Crude product: 0.28 g 
Elution solvent: light petroluem-ethyl acetate (4:1) 
Yield: 0.31 g, 43 % 
Appearance: bright yellow coloured crystals 
Ymaxl cm-\ (thin film) 1685 (C=O), 1498 and 1378 (N02), 1216 (C-O). 
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SH (250 MHz, CDCh) 1.51 (3H, t, J = 7.2, CH-B), 4.52 (2H, q, J = 7.2, CH-12), 7.12 
(lH, dd, J = 1.2. 7.0. ArH). 7.52 (lH. dd. J = 1.0. 9.0. ArH). 8.58 (lH. d. J = 9.3. ArH). 
9.67 (lH. d. J = 7.2. ArH). 
Se (CDCh. l00MHz) 14.7 (CH3-13). 62.0 (CH2-12). 116.5, 116.7. 117.7, 119.12, 119.29. 
128.6. 129.8. 130.1. 135.5 (ArCH and 4 ArCq). 160.9 (CO). Quarternary carbons not 
fully assignable due to the presence of extra weak signals. 
Found M+ 359.9602. ClIH9N2041 requires 359.9607 
m.p. 160-161 °c 
Name: 3-Cyano-2-iodo-I-nitroindolizine (59c) 
Crude product: 0.33 g 
Elution solvent: light petroleum-ethyl acetate (9:1) 
Yield: 0.10 g. 33 % 
Appearance: bright yellow coloured crystals 
vrooxl cm'l (thin film) 2214 (C=N). 1502 and 1318 (N02). 
SH (CDCI3. 250MHz) for one isomer 6.81 OH. t. J = 7.2. CH-3 or 4).7.03 (lH. t. J = 6.7. 
CH-3 04 4), 7.44 (lH, d, J = 9, CH-2 or 5), 8.21 (!H, d, J = 7.2, CH-2 or 5). For a second 
isomer 7.21 (lH. t. J = 6.0. CH-3 or 4).7.61 (lH. t. J = 8.1. CH-3 or 4).8.41 (lH, d. J = 
7.0. CH-2 or 5).8.59 (lH. d, J = 9.3. CH-2 or 5) 
Found M+ 312.9353. C9~N3021 requires 312.9348 
m.p. 120-122°C 
Name: 3-Benzoyl-2-iodo-I-nitroindolizine (59d) 
Crude product: 1.05 g 
Elution solvent: light petroleum-ethyl acetate (9: 1) 
Yield: 0.13 g. 17 % 
Appearance: bright yellow coloured crystals 
vrnaxl cm·l (thin film) 2921 (C-H). 1629 (C=O). 1500 and 1314 (N02). 1222 (C-O). 
OH (CDCh. 250MHz) 7.09 (lH. t. J = 5.0. ArH). 7.50-7.61 (3H. m. ArH). 7.61-7.70 (lH. 
m, ArH), 7.82 (2H, d, J = 5, ArH), 8.60 (IH, d, J = 5, ArH), 9.04 (IH, d, J = 2.5, ArH). 
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Bc (CDC!), 100MHz) J16.6, J19.6, 125.8, 127.5, 129.3, 129.4, 130.13, 130.29, 130.60, 
134.0, 135.5, 138.3 (ArCH and 4 ArCq). 
Found M+ 391.9653, C!sH9N2031 requires 391.9658 
m.p. 118-120 °C 
Name: 3-Benzoyl-2-iodo-7-methyl-I-nitroindolizine (63) 
Crude product: 0.92 g 
Elution solvent: light petroleum-ethyl acetate (19: I) 
Yield: 0.07 g, 9 % 
Appearance: oil yellow coloured solid 
vrrw.xl cm-! (thin film) 2916 (C-H), 1625 (C=O), 1504 and 1307 (N02), 1222 (C-O). 
oSH (CDCh, 250MHz) 2.04 (3H, s, CH3-4), 6.92 (!H, d, J = 9.0, ArH), 7.08 (lH, t, J = 
7.2), 7.94 (!H, s, ArH), 8.12 (lH, d, J = 7.4, ArH), 8.27 (!H, d, J = 7.2, ArH), 8.96 (2H, 
d, J = 7_2, ArH), 9.87(!H, d, J= 9.1, ArH). 
Found (M - Ht 405.9806, CllH9N2041 requires 405.9814 
Name: 3-Ethoxycarbonyl-2-iodo-I-nitropyrrolo[2, la]isoquinoline (66a) 
Crude product: 0.53 g 
Elution solvent: light petroleum-ethyl acetate (19: I) 
Yield: 0.19 g, 24 % 
Appearance: bright yellow coloured crystals 
vrnaxl cm-! (thin film) 2915 (C-H), 1698 (C=O), 1495 and 1333 (N02), 1096 (C-O). 
BH (CDCh, 250MHz) 1.52 (3H, t, J = 7.2, CH3-17), 4.53 (2H, q, J = 7.2, CHr I6), 7.17 
(!H, d, J = 7.6, ArH), 7.22 (!H, d. J = 7.6, ArH), 7.53-7.70 (2H, m, ArH), 8.28 (Ill, d, J 
= 8.7, ArH), 9.33 (lH, d, J= 5.1, ArH). 
Bc (CDCh, 100MHz) 14.7 (CH3-17), 62.0 (CH2-16), 115.8, 116.0, 117.6, 124.1, 124.3, 
125.0, 125.2, 127.7, 127.8, 129.1, 129.7. 130.2,m 130.3 (ArCH and 6 ArCq) 160.6 (CO), 
Cl extra carbon detected in the aromatic region) 
Found M+ 409.9762, C!sHllN2041 requires 409.9767 
m.p. 147-148 °C 
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Name: 3-Benzoyl-2-iodo-l-nitropyrrolo[2, l-alisoquinoIine (66b) 
Crude product: 1.34 g 
Elution solvent: light petroluem-ethyl acetate (19:1) 
Yield: 0.42 g, 47 % 
Appearance: bright yellow coloured crystals 
vmaxl cm-I (thin film) 2916 (C-H), 1630 (C=O), 1494 and 1331 (N02), 1229 (C-O). 
OH (CDCb, 250MHz) 7.17 (lH, d, J = 7.4, ArH), 7.47 (2H, t, J = 8.6, ArH), 7.66 (2H, t, J 
= 4.2),7.76-7.80 (lH, m, ArH), 7.87 (2H, d, J = 7.2, ArH), 8.48 (lH, d, J = 8.3, ArH), 
8.60 (lH, d, J = 7.4, ArH), 8.76 (lH, d, J = 14, ArH). 
Found M+ 441.9807, CIIH9N2041 requires 441.9814 
m.p. 126-127 °C 
The attempted reaction of benzothiazolium salt with 1,1-diiodo-2,2-dinitroethylene 
22 
21 O~24 
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Ethyl 2-(1,3-benzothiazol-3-ium-3-yl)ethanoate bromide (0.67 g, 2 mrnol) was 
dissolved in dichloromethane (3 ml). The resulting pink solution at room temperature, 
under N2 was treated with triethylamine (0.84 ml, 6 mmol) and treated dropwise with 1,1-
diiodo-2,2-dinitroethylene (0.74 g, 2 mmol) in dichloromethane (3 ml). The mixture was 
left to stir for 24 hours. 
The reaction mixture was washed with water (5ml) and the aqueous phase was 
extracted with dichloromethane (5 x 15 ml). The dichloromethane extract was dried over 
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MgS04 and evaporated to give a dark red oil (0.93 g), which was flash-chromatographed 
over silica. Elution with light petroleum-ethyl acetate (9: 1) gave colourless crystals (0.03 
g,4%). 
vrrw.xl cm· l (thin film) 2976 (C-H), 1749 (ester), 1669 (C=O), 1522 (C=C), 1112 (C-O). 
&H (CDCh, 250MHz) 0.95 (6H, t, J = 6.0, CH)-24 and 28), 3.36-3.51 (lH, m, one of 
CH2-23), 3.58-3.73 (lH, m, one of CHr 23), 4.00-4.15 (2H, m, CH2-27), 4.50 (lH, d, J = 
18.5, one of CH2-20), 4.84 (lH, d, J = 18.5, one of CH2-20), 6.85 OH, d, J = 7.5, ArH), 
6.93 (lH, d, J = 8.1, ArH), 7.11-7.35 (4H, m, ArH), 7.45 (lH, d, J = 7.5, ArH), 7.58 (lH, 
d, J = 7.5, ArH). 
&c (CDCh, 100MHz) 14.1 (CH), 14.6 (CH), 48.6 (CH2-20), 60.9 (CH2-0), 62.2 (CH2-
0), 110.6, 113.3,122.1,122.5,122.6,124.1,124.2,126.81,126.87, 126.90, 139.4, 141.8, 
(ArCH), 161.0 (CO), 165.8 (CO), 166.6 (CO), (2 carbons not detected). 
Found (M + Ht 457.0902, CllH9N2lOJ requires 457.0892 
m.p. 184-185 QC 
The Attempted Reaction of etbyI2-(1,3-benzothiazol-3-lum-3-yllethanoate bromide 
(71) in absence of 1,1-diiodo-2,2-dinitroethylene (2) 
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Ethyl 2-(1,3-benzothiazol-3-ium-3-yl)ethanoate bromide (0.33 g, 1 mmol) was 
dissolved in dichloromethane (3 m!). The resulting pink solution was treated with 
triethylamine (0.42 ml, 3 mmol) at r.t., under N2. The mixture was left to stir for 24 
hours. 
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The reaction mixture was washed with water (S ml) and the aqueous phase further 
extracted with dichloromethane (S x IS ml). The dichloromethane extract was dried over 
MgS04 and evaporated to give an orange oil (0.22 g) which was flash-chromatographed 
over silica. Elution with light petroleum gave colourless crystals (0.01 g). 
OH (CDCl), 400MHz) 1.49 (3H, t, J = 4),3.52 OH, d, J = 17.2),4.00-4.15 (2H, m) 4.44 
(!H, d, J = 17.2), 7.31 (IH, dd, J = 1.6, 8.8), 7.42 (lH, dd, J = 1.6,9.2),7.66 OH, dd, J = 
6.4,8),7.78 (!H, dd, J = 6.4,7.6) 
m.p. > 220°C. 
This compound has not been identified. 
The attempted and reaction of 1,1-diiodo-2,2-dinitroethylene (2) with ethyl 2-
pyridinium-l.ylethanoate bromide (69) at -78°C 
Ethyl 2-pyridinium-l-ylethanoate bromide (0.08 g, 0.5 mmo1) was dissolved in 
dichloromethane (S ml). The resulting colourless solution was cooled to -78°C in an 
acetone! C02 (s) bath and was treated with triethylamine (0.14 ml, 1 mmol), followed by 
dropwise addition of l,l-diiodo-2,2-dinitroethylene (0.19g, O.Smmol). The mixture was 
left to stir and warm to room temperature overnight 
The mixture was evaporated and the brown oil (0.12 g) was flash-
chromatographed over silica. Elution with light petroleum-ethyl acetate (4:1) through to 
methanol gave only a series of intractable oils from which no identifiable material was 
obtained. 
The attempted reaction of 1,1-diiodo·2,2-dinitroethylene with ethyl 2-
isoguinoIinium-2-ylethanoate bromide (64) at _78°C 
Ethyl 2-isoquinolinium-2-ylethanoate bromide (O.1S g, O.S mmol) was dissolved 
in dichloromethane (S ml). The resulting colourless solution was cooled to -78°C in an 
acetone! C02 (s) bath and was treated with triethylamine (0.14 rnl, 1.0 mmol), followed 
by dropwise addition of l,l-diiodo-2,2-dinitroethylene (0.19 g, O.S rnmol) in 
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dichloromethane (3 ml). The mixture was left to stir and warm to room temperature 
overnight. 
Evaporation of the dichloromethane gave a brown oil (0.25 g). The t.I.c. in light 
petroleum-ethyl acetate (4:1) showed it to be a multicomponent mixture and it was not 
investigated further. 
The attempted reaction of 1,I-diiodo-2,2-dinitroethylene (2) with 1-(4-
bromobenzyl)pyridinium bromide 
1-[(4-bromophenyl)methyl]pyridinium bromide (0.40 g. 2 mmol) was dissolved in 
dichloromethane (5 ml). The resulting colourless solution at room temperature under Nz 
was treated with triethylamine (0.84 ml, 2 mmol), followed by dropwise addition of 1,1-
diiodo-2,2-dinitroethylene (0.74 g, 2 mmol) in dichloromethane (3 ml). The mixture was 
left to stir for 24 hours. 
The t.l.c. of the mixture showed only starting material of 1,I-diiodo-2,2-
dinitroethylene and the pyridinium salt, which was not investigated further. 
The attempted reaction of 1,I-diiodo-2,2-dinitroethylene (2) with 4-cyanobenzyl 
pyridinium bromide (60) 
4-Cyanobenzyl pyridinium bromide (0.20 g, 1.0 mmol) in dichloromethane (5 ml) 
at room temperature was treated with triethylamine (0.42 ml, 3 mmol), followed by 
dropwise addition of 1,1-diiodo-2,2-dinitroethylene (0.37 g, 1 mmol) in dichloromethane 
(3 ml). The reaction mixture was left to stir overnight. 
The mixture was filtered under suction and a yellow solid (0.13 g) was obtained. 
The 'H nmr spectrum showed clean signals of 4-cyanobenzyl pyridinium bromide and no 
signals of the expected product. 
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The attempted reaction of 1,1-diiodo-2,2-dinitroethylene (2) with 4-cyanobenzyl 
pyridinium bromide (60) in presence of sodium hydride 
A suspension of sodium hydride in mineral oil (60 %) was washed with light 
petroleum (3 x 10 m\), covered with tetrahydrofuran (10 m!) and treated at room 
temperature, under N2 with 4-cyanobenzyl pyridinium bromide (0.20 g, 1 mmol), 
followed by the dropwise addition 1,I-diiodo-2,2-dinitroethylene (0.37 g, a mmol) in 
tetrahydrofuran (3 ml). The mixture was left to stir for 24 hours. 
The t.1.c. of the mixture showed mainly 1,I-diiodo-2,2-dinitroethylene and 
pyridinium salt, which was not investigated further. 
The attempted reaction of 1,1-diiodo-2,2-dinitroethylene (2) with 1-(4-
nitrobenzyl}pyridinium bromide 
1-(4-nitrobenzyl)pyridinium bromide (0.30 g, 1 mmol) was dissolved in 
dichloromethane (5 ml). The resulting colourless solution at room temperature under N2 
was treated with triethylamine (1.40 ml, 10 mmol), followed by dropwise addition of 1,1-
diiodo-2,2-dinitroethylene (0.37 g, 1 mmol) in dichloromethane (3 ml). The mixture was 
left to stir for 24 hours. 
The t.l.c. of the mixture showed only starting material of 1,1-diiodo-2,2-
dinitroethylene and the pyridinium salt, and the mixture was not investigated further. 
The attempted reaction of 1,1-diiodo-2,2-dinitroethylene (2) with ethyl 2-
guinolinium-l-ylethanoate bromide (69) at _78°C 
EthyI2-quinolinium-I-ylethanoate bromide (0.15 g, 0.5 mmo!) was dissolved on 
dichloromethane (5 ml). The resulting orange solution was cooled to -78°C in acetone/ 
C02 (s) bath and was treated with triethylamine (0.28 ml, 1.0 mmo\). It was further 
treated dropwise with I,I-diiodo-2,2-dinitroethylene (0.19 g, 0.5 mmol) in 
dichloromethane (3 ml). The mixture was left to stir and warm to room temperature 
overnight. 
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Evaporation of the dichloromethane gave a brown oil (0.22 g) whose t.I.c. in light 
petroleum-ethyl acetate (4:1) showed it to be a multicomponent mixture which was not 
investigated further. 
The Attempted Reaction of 1.1-diiodo-2,2-dinitroethylene (2) with ethyl 2-
guinolinium-l-ylethanoate bromide (69) in presence of triethylamine at r.t. 
Ethyl 2-quinolinium-l-ylethanoate bromide (0.30 g, 1.0 mmol) was dissolved on 
dichloromethane (5 ml). The resulting orange solution at room temperature was treated 
with triethylamine (0.42 ml, 1.0mmol). It was further treated dropwise with 1,I-diiodo-
2,2-dinitroethylene (0.37 g, 1.0 mmol) in dichloromethane (3 ml). The mixture was left to 
stir for 24 hours. 
The reaction mixture was transferred to a separating funnel and an aqueous work-
up was carried out. The dichloromethane layer was dried over MgS04 and evaporated to 
give a brown oil (0.71 g) which was flash-chromatographed over silica. Elution with light 
petroleum-ethyl acetate (9:1) through to methanol gave a series of intractable oils which 
gave no identifiable material. 
The attempted reaction of 1,1-diiodo-2,2-dinitroethylene (2) with ethyl 2-
guinolinium-I-ylethanoate bromide (69) in presence of base DBU at -78 DC 
Ethyl 2-quinolinium-l-ylethanoate bromide (0.22 g, 1.0 mmol) was dissolved on 
dichloromethane (5 ml). The resulting orange solution was cooled to -78°C in an 
acetonel C02 (s) bath and was treated with DBU (0.15 ml, 1.0 mmol). It was further 
treated dropwise with 1,I-diiodo-2,2-dinitroethylene (0.37 g, 1.0 mmol) in 
dichloromethane (3 ml). The mixture was left to stir and warm to r.t. overnight. 
Evaporation of the dichloromethane gave a dark purple oil (0.92 g) which showed 
strong DBU signals in the IH nmr spectrum. The oil was flash-chromatographed over 
silica. Elution with light petroleum-ethyl acetate (17:3) through to methanol gave 
intractable oila which gave no identifiable material. 
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The attempted reaction of 1,1-diiodo-2,2-dinitroethylene (2) with ethyl 2-
guinolinium-l-ylethanoate bromide (69) in presence of base sodium hydride at r,t, 
A suspension of sodium hydride in mineral oil (60%) was washed with light 
petroluem (3 x 10 ml). covered with anhydrous tetrahydofuran (10 ml) and treated at 
room temperature. under N2 with ethyl 2-quinolinium-I-ylethanoate (0.30 g. 1.0 mmol). 
followed by the dropwise addition of 1.I-diiodo-2.2-dinitroethylene (0.37 g. 1.0 mmol) 
in dichloromethane (3 ml). The mixture was left to stir for 24 hours. 
The reaction mixture was transferred to a separating funnel and an aqueous work-
up was carried out. The dichloromethane layer was dried over MgS04 and evaporated to 
give brown oil (0.23 g) which was flash-chromatographed over silica. Elution with light 
petroleum-ethyl acetate (9: I) through to methanol gave a series of intractable oils which 
gave no identifiable material. 
The attempted reaction of 1,1-diiodo-2,2-dinitroethylene (2) with 
tosylmethylisocyanide (TOSMIC) (77) 
Tosylmethylisocyanide (TOSMIC) (O.20g, Immo!) was dissolved in 
dichloromethane (I ml) under N2 and cooled to -78°C. The resulting clear solution was 
treated with base DBU (0.14 ml. 1 mmol) via syringe, which turned the reaction mixture 
deep purple in colour. The reaction mixture was further treated with 1.I-diiodo-2,2-
dinitroethylene (0.37 g. 1 mmol) in dichloromethane (3 m!). The reaction mixture was 
left to stir and warm to r.t. overnight. 
The dichloromethane was evaporated and gave a dark red oil (0.76 g). The dark 
red oil was flash-chromatographed over silica. Elution with light petroluem-ethyl acetate 
(4: I) through to methanol gave intractable oils which yielded no identifiable material. 
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The attempted reaction of 1,1-diiodo-2,2-dinitroethylene (2) with ethyl 4-
nitrophenylacetate (80) 
Ethyl 4-nitrophenylacetate (0.58 g. 2 mmol) was dissolved in dichloromethane 
under N2. The resulting colourless solution was cooled to -78°C and deprotonated with 
base DBU (0.28 g. 2 mmol). It was further treated dropwise with 1.I-diiodo-2.2-
dinitroethylene (0.37 g. 1 mmol) in dichloromethane (3 ml). 
Evaporation of dichloromethane gave dark red oil (1.24 g) which was flash-
chromatographed over silica. Elution of light petroluem-ethyl acetate (17:3) through to 
methanol gave a series of intractable oils which have no identifiable material. 
The attempted reaction of 1,1-diiodo-2,2-dinitroethylene (2) with lithium chloride 
Lithium chloride (0.51 g. 12 mmol) was dissolved in methanol (5 ml). via syringe 
at room temperature under Nz. The resulting colourless solution was treated drop wise 
with 1.1-diiodo-2.2-dinitroethylene (0.37 g. 1 mmol) in dichloromethane (3 ml). 
The mixture was evaporated and the dark brown residue was dissolved in water 
and extracted with dichloromethane to give black solid. which was not investigated 
further. 
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3.1 Introduction 
U (Ph (i) (X}-SiMe3 + -x--. ~ NH 11 h N 2 N I 
SiMe3 
H 
82 9 84 
and or 
85 
Scheme 45 
The success of the indolizine synthesis described in the previous chapter 
prompted an investigation of the further exploitation of the chemistry of the known 
readily available alkynyl(phenyl)iodonium salt in this context. It was therefore hoped to 
develop the synthetic strategy outlined in Scheme 45 to provide a wider range of nitrogen 
containing heterocycles using functionaiised two carbon building blocks such as alkynyl 
iodonium salts to annelate five membered rings onto existing functionalised heterocycles. 
Thus the known3 alkynyl(phenyl)iodonium triflates 9 was prepared in excellent yield by 
reaction of bis-trimethylsilylacetylene with Zefirov's reagene·8 (chapter 1, section 1.3.2). 
Thus it was intended to react the aminopyridine 82 which could add to the carbon of the 
alkyne with loss of iodobenzene to generate the vinyl carbene 83 (Scheme 46). 
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(Ph TfO-
U 11 .. L;L)lSMo, + N NH2 SiMe3 I H 
82 9 / 83 
1 
OO-SiMe3 Cl N N I H N '>:N 
84 ~ SiMe3 
85 
Scheme 46 
The vinyl carbene 83 could then insert into the C-H bond at position 3 of the 
pyridine ring as shown in scheme 46 to give the pyrrolo[2,3-b ]pyridine 84 or be trapped 
by the nucleophilic nitrogen of the pyridine to give, after transfer of a proton, the imidazo 
fused pyridine 85. It was thus of mechanistic interest to explore the fate of vinyl carbenes 
attached to heterocycles and to determine what products could arise. 
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3.2 Reactions of aminopyridines with trimethylsilyleth.l-ynylphenyliodonium 
triflate 
R (Ph TfO-
(i) ~ + 11 -x-~ NH 2 SiMe3 
R 
82 9 84 
and or 
85 
R 
a= H 
Scheme 47 
The alkynyl(phenyl)iodonium salt 9 was investigated (Scheme 47) with several 
commercially available aminopyridines 82a-b. Thus an attempt to react iodonium salt 9 
with 2-aminopyridine 82a at room temperature, in presence of triethylamine gave a 
complex oil and a small amount of uncharacterisable solids. Disappointingly no evidence 
could be obtained for the formation of either of the products 84 or 85. 
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As an alternative approach, it was decided to investigate 4-methyl-2-
aminopyridine 82b with iodonium salt 9 in hope of obtaining either the methyl 
substituted pyrrolopyridine 84b or the imidazopyridine 85b. However this reaction was 
also unsuccessful and gave an intractable brown oil with neither of the desired bicyclic 
products. 
Two other amino heterocycIes were examined for their reactivity towards the 
trimethylsilylalkynyl iodonium salt 9. 5-Aminotetrazole 86 was studied with the hope of 
forming the imidazo fused tetrazole 87 (Scheme 48). 
(Ph TfO- N-N 
N-~ (i) )( \\ J!...' + 11 -x- HN N"N H N N"N 
2 I SiMe3 )=l H Me3Si 
86 9 87 
(i) DMF, Et3N and r.t. 
Scheme 48 
Anhydrous dimethylformamide was used as the solvent in this reaction due to the 
poor solubility of the 5-aminotetrazole monohydrate 86 in dichloromethane. Under these 
condition however, a brown intractable oil was obtained from which none of the expected 
fused tetrazole could be isolated. 
68 
Me (PhTfO- Me 
lc
N (i) lcN~SiMe3 + 
11 
-x __ S~NH2 ~ )=N 
SiMe3 S 
88 6 89 
Scheme 49 
Finally 2-amino-5-methyl thia20le 88 was investigated with trimethylsilylalkynyl 
iodonium salt 9 at room temperature in presence of triethylamine. However this reaction 
was no more successful and gave an intractable brown oil which gave no evidence of the 
fonnation of the hoped for bicycle pyrrole 89. 
3.2 Other reactions with trimethylsilyleth-}-ynyliodonium triflate 
The lack of success of the reactions studied with amino heterocycles prompted a brief 
investigation to some further possible reactions of the trimethylsilylalkynyl iodonium salt 
9 to try to understand its mode of reaction. 
0 
1+ Ph TfO - (i) 0 CQ + 11 -x--
SiMe3 
SiMe3 
90 9 91 
(i) CH2CI2• Et3N and at r.t. 
Scheme 50 
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An attempt (scheme 50) to react iodonium salt 9 with pyran 90 in presence of 
triethylamine gave an intractable brown oil which gave no evidence of the formation of 
the cyclobuta[bjpyran 91, which possibly could have been formed in a non-concerted 
cycloaddition reaction or any other potential addition product. 
(Ph TfO· 
+ 11 
77 9 
* (i) 
~ 
+ 
Phi SiMe3 ~~\)j I ~ ~\ N o I Me.....o::: H 
92 
SchemeS1 
The reaction (Scheme 51) of tosylmethylisocyanide (TOSMIC) 77 with iodonium 
salt 9 in dichloromethane at room temperature was attempted in the hope of obtaining the 
interesting pyrrole 92, again through a possible 1,3-dipolar cyc1oaddition. However this 
reaction gave only a low yield of an intractable brown mixture which gave no evidence of 
the formation of the pyrrole 92. 
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(Ph TfO- S 
0 11 (i) J{-tPh + -x-S 
SiMe3 SiMe3 
93 9 94 
Scheme 52 
Finally it was then attempted to react thiophene 93 with the iodonium salt 9 as the 
cycloaddition with furan had been successfully carried out by Stang and co-workers5 
(Chapter 1). In practice, reacting thiophene with iodonium salt in presence of 
triethylamine gave only a brown oil which gave none of the bicyclic iodonium salt 94. 
Studies into the use of the iodonium salt as a building block for heterocyclic 
synthesis were discontinued at this point due to the intractable nature of the products 
obtained and lack of time. 
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Phenyl 2-trimethylsilyleth-l-ynyliodonium triflate (9) 
PhenyI2-trimetbylsilyleth-I-ynyliodonium triflate 9 was prepared by the reaction 
ofbis-trimethylsilyJacetyJene with Zefiroz's reagent as described by Stang3 (Chapter I). 
OH (250 MHz, CDCI]) 0.25 (9H, s, CH3-Si), 7.55 (2H, t, J = 8.1, ArR), 7.68, OH, t, J = 
7.4, ArH), 8.08 (2H, d, J = 8.1, ArH). 
The attempted reaction of phenyl 2-trimethylsilyleth-l-ynyliodonium tnflate (9) 
with 2-aminopyndine (82a) 
and or 
2-Arninopyridine (0.19 g, 2.0 mmoJ) was dissolved in dichloromethane (3 mJ). 
The resulting clear solution was treated with phenyl 2-trimethylsilyleth-I-ynyl iodonium 
triflate (0.60 g, 2.0 mmol) in dichloromethane (3 ml) at room temperature. The reaction 
mixture turned from dark pink to dark redish brown after I hour. The mixture was left 
overnight. Then the solvent was evaporated to give a brown coloured oil which after 2 
days deposited colourless crystals (0.28 g). The crystals were washed with ether before 
analysis. The IH nmr spectrum of the crystals showed some signals attributed to the 
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desired product but it showed the material not to be pure and the crystals could not be 
positively identified. 
The attempted reaction of phenyl 2-trimethylsilyleth-l-ynyliodonium tnflate (9) 
with 2.amino-4·methylpyridine (82b) 
2-Amino-4-methylpyridine (0.11 g. 1 mmol) was dissolved in dichloromethane (2 
ml). The resulting colourless solution was treated with triethylamine (0.14 ml. 1 mmoI). 
followed by phenyl 2-trimethylsilyleth-l-ynyliodonium triflate (0.30 g. 1 mmol) in 
dichloromethane (3 mI) at room temperature. The mixture turned dark redish brown. The 
mixture was left overnight. 
The dichloromethane was evaporated to give brown oil (0.45g). which was flash-
chromatographed over silica. Elution with light petroluem-ethyl acetate (4:1) through to 
methanol gave intractable oil which have no identifiable material. 
The attempted reaction of phenyl 2·trimethylsiIyleth·t.ynyliodonium trinate (9) 
with 5·aminotetrazole monohydrate (86) 
5-Aminotetrazole monohydrate (0.08 g. 1 mmol) was dissolved in 
dimethylformamide (5ml). The resulting colourless solution was treated with 
triethylamine (0.10 g. I mmol). followed by phenyl [2-0.1.1-trimethylsilyl)ethyn-l-yl] 
iodonium trifluoromethanesulfonate (0.30 g. 1 mmol) in dimethylformamide (3 ml) at 
room temperature for 24 hours. 
Evaporation of the dimethylformamide after 24 hours gave a brown oil (0.31 g ) 
the t.l.c. of which in dichloromethane-ethanol (7:3) showed it to be a multicomponent 
mixture which was not investigated further. 
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The attempted reaction of phenyl 2-trimethylsilyleth-I-ynyliodonium triflate (9) 
with 2-amino-S-methyIthiazole (88) 
2-Amino-5-methylthiazole (0.11 g, I mmol) was dissolved in dichloromethane (2 
ml). The resulting colourless solution was treated with triethylamine (0.14 ml, I mmol), 
followed by the phenyl 2-trimethylsilyleth-I-ynyliodonium triflate (0.30 g, I mmol) at 
room temperature. The reaction mixture was left to stir overnight. 
Evaporation of dichloromethane gave dark brown coloured oil (O.Slg) whose t. 1. 
c. in light petroleum-ethyl acetate (4:1) showed it to be a multicomponent mixture which 
was not investigated further. 
The attempted reaction of phenyl 2-trimethylsilyleth-I-ynyliodonium tritlate (9) 
with pyran (90) 
Pyran (0.04 g, 0.5 mmol) was dissolved in dichloromethane (2 ml). The resulting 
colourless solution was treated with triethylamine (0.07 ml, 0.5 mmol), followed by 
dropwise addition of phenyl [2-(1, I, I-trimethylsilyl)ethyn-I-yl] iodonium 
trifluoromethanesulfonate (0.15 g, 0.5 mmol) in dichloromethane (3 ml). The reaction 
mixture was left to stir for 24 hours. 
Evaporation of dichloromethane gave a brown oil (0.15 g), which was f1ash-
chromatographed over silica. Elution with light petroleum-ethyl acetate (4:1) through to 
methanol gave intractable oils which yielded no identifiable material. 
The attempted reaction of phenyl 2-trimethylsilyleth-l-ynyliodonium triflate (9) 
with tosylmethylisocyanide (TOSMIC) (77) 
Tosylmethylisocyanide (TOSMIC) (O.lOg, O.Smmol) was dissolved in 
dichloromethane (1 m!) under N2. The resulting clear solution was treated with 
triethylamine (0.14 ml, 1 mmol) via syringe. The reaction mixture was further treated 
with phenyI2-trimethylsilyleth-I-ynyliodonium triflate_(0.19 g, 0.5 mmol) in 
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dichloromethane (3 ml) at room temperature. The reaction mixture was left to stir for 24 
hours. 
The dichloromethane was evaporated and gave a brown oil (0.14 g). The brown 
oil was flash-chromatographed over silica. Elution with light petroleum-ethyl acetate 
(4:1) through to methanol gave intractable oils which yielded no identifiable material. 
The attempted reaction of phenyI2-trimethylsilyleth-t-ynyliodonium tnflate (9) 
with thiophene (93) 
Thiophene (0.042g, 0.5mmol) in dichloromethane (2 m!) was treated with phenyl 
2-trimethylsilyleth-l-ynyliodonium triflate (0.151g, O.5mmo!) in dichloromethane (3 ml) 
at room temperature. The reaction mixture was left to stir overnight. 
The t.l.c. of the reaction mixture in light petroleum-ethyl acetate (4: 1) showed 
only starting material of the iodonium salt and the thiophene. 
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Table I. Crystal data and structure refinement for gw2. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Z 
Calculated density 
Absorption coefficient J.I 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
e range for data collection 
Index ranges 
Completeness to 9 = 26.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F'>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data I restraints I parameters 
Final R indices [F'>2cr] 
R indices (all data) 
Goodness-of-fit on F' 
Extinction coefficient 
Largest and mean shiftlsu 
Largest diff. peak and hole 
gw2 
CIlH,IN20. 
360.10 
150(2) K 
MaKa., 0.71073 A 
monoclinic, n,/c 
a = 8.2382(6) A 
b = 11.5831(9) A 
c = 12.5068(10) A 
1193.30{l6) A' 
4 
2.004 glcm' 
2.692 mm-' 
696 
a. = 90° 
~ = 90.888(2)° 
'Y = 90° 
yellow, 0.21 x 0.20 x 0.18 mm' 
7771 (9 range 2.40 to 28.93°) 
Bruker SMART 1000 CCD diffractometer 
OJ rotation with narrow frames 
2.40 to 28.91° 
h-IOto 11, k-14to 15, 1-16to 16 
100.0 % 
0% 
10350 
2884 (Rin' = 0.0128) 
2666 
semi-empirical from equivalents 
0.602 and 0.643 
direct methods 
Full-matrix least-squares on F' 
0.0193,1.6546 
2884 I 0 1165 
RI =0.0186, wR2 = 0.0455 
RI = 0.0214, wR2 = 0.0469 
1.063 
0.00106(18) 
0.002 and 0.000 
0.503 and -0.548 e A-J 
Table 2. Atomic coordinates and equivalent isotropic displacement parameters (N) 
for gw2. U", is defined as one third of the trace of the orthogonalized UJ tensor. 
X y Z U'q 
N(I) 0.6936(2) 0.42102(14) 0.S7807(13) 0.0ISI(3) 
C(I) 0.6048(3) 0.41968(19) 0.670S5( 17) 0.0213(4) 
C(2) 0.S892(3) 0.3197(2) 0.72581(18) 0.0254(5) 
C(3) 0.6645(3) 0.2177(2) 0.69017(18) 0.02S3(S) 
C(4) 0.7525(3) 0.21819(18) 0.59863(17) 0.0203(4) 
C(S) 0.7668(2) 0.32186(17) 0.54047(16) 0.0162(4) 
C(6) 0.8493(2) 0.35476(17) 0.44722(16) 0.0158(4) 
N(2) 0.9464(2) 0.27792(15) 0.38732(14) b.OI99(4) 
0(1) 0.9330(2) 0.17258(14) 0.40517(14) 0.0291(4) 
0(2) 1.0414(2) 0.31691(15) 0.32150(13) 0.0273(3) 
C(7) 0.8251(2) 0.47375(17) 0.42885( 15) 0.0151(4) 
1(1) 0.900343(16) 0.565769(12) 0.297092(10) 0.02046(6) 
C(8) 0.7290(2) 0.51484(17) 0.51073(15) 0.0152(4) 
C(9) 0.6684(2) 0.63077(17) 0.5;1559(16) ·0.0171(4) 
0(3) 0.56552(19) 0.65134(13) 0.60170(13) 0.0240(3) 
0(4) 0.73967(19) 0.71167(12) 0.47701(12) 0.0208(3) 
C(10) 0.6860(3) 0.83012(18) 0.49418(18) 0.0231(4) 
C(11) 0.7553(4) 0.9011(2) 0.4053(2) 0.0371(6) 
Table 3. Bond lengths [A] and angles [0] for gw2. 
N(I)-C(I) 1.378(3) N(I)-C(5) 1.383(3) 
N(I)-C(8) 1.408(2) C(1)-C(2) 1.356(3) 
C(2)-C(3) 1.409(3) C(3)-C(4) 1.365(3) 
C(4)-C(5) 1.410(3) C(5)-C(6) 1.411(3) 
C(6)-C(7) 1.411(3) C(6}-N(2) 1.418(3) 
N(2}-O(2) 1.231(2) N(2}-O(I) 1.246(2) 
C(7)-C(8) 1.388(3) C(7}-I(I) 2.066(2) 
C(8)-C(9) 1.468(3) C(9}-O(3) 1.216(3) 
C(9}-O(4) 1;332(2) 0(4)-C(IO) 1.458(2) 
C( 1 O)-C( 11) 1.503(3) 
C(1}-N(I)-C(5) 121.06(17) C(I}-N(I)-C(8) 128.92(18) 
C(S}-N(I)-C(8) 110.00(16) C(2)-C(I}-N(I) . 119.6(2) 
C(1)-C(2)-C(3) 120.6(2) C(4)-C(3}-C(2) 120.3(2) 
C(3)-C(4)-C(5) 119.1(2) N(I)-C(5}-C(4) 119.45(18) 
N(I)-C(5)-C(6) 105.95(17) C(4)-C(5}-C(6) 134.54(19) 
C(7)-C(6)-C(5) 109.25(17) C(7)-C(6}-N(2) 127.34(18) 
C(5)-C(6}-N(2) 123.34(18) 0(2}-N(2)-O(I) 122.56(18) 
0(2}-N(2)-C(6) 119.52(18) 0(1 }-N(2}-C( 6) 117.91(18) 
C(8)-C(7)-C(6) 107.20(17) C(8)-C(7}-I( I) 126.37(15) 
C( 6)-C(7}-I(1) 126.20( 14) C(7)-C(8}-N(I) 107.60(17) 
C(7)-C(8)-C(9) 132.07( 18) N( I )-C(8}-C(9) 120.32(17) 
0(3 )-C(9}-O( 4) 123.63(19) 0(3)-C(9}-C(8) 124.49(19) 
O( 4)-C(9)-C(8) 111.87(17) C(9}-O(4}-C(10) 116.34(16) 
O(4)-C(IO)-C(II) 106.66( 18) 
Table 4. Anisotropic displacement parameters (N) for gw2. The anisotropic 
displacement factor exponent takes the form: _21l2[h2a·2U" + ... + 2hka·b·U I2 j 
Ull U22 U33 U23 U
I3 U12 
N(I) 0.0154(8) 0.0159(8) 0.0141(8) 0.0006(6) 0.0009(6) -0.0009(6) 
C(I) 0.0220(10) 0.0253(11) 0.0168(9) 0.0000(8) 0.0048(8) 0.0001(8) 
C(2) 0.0258(11) 0.0318(12) 0.0186(10) 0.0067(9) 0.0043(8) -0.0027(9) 
C(3) 0.0251(11) 0.0249(11) 0.0258(1l) 0.0100(9) -0.0021(9) -0.0050(9) 
C(4) 0.0200(10) 0.0163(9) 0.0247(10) 0.0028(8) -0.0021(8) -0.0011(8) 
C(5) 0.0152(9) 0.0164(9) 0.0169(9) -o.001l(7) -0.0015(7) -0.0017(7) 
C(6) 0.0161(9) 0.0158(9) 0.0155(9) -0.0016(7) 0.0012(7) -0.0003(7) 
N(2) 0.0:206(9) 0.0200(9) 0.0191(9) -0.0051(7) -0.0024(7) 0.0024(7) 
0(1) 0.0361(9) 0.0164(7) 0.0348(9) -0.0049(7) 0.0037(7) 0.0036(7) 
0(2) 0.0296(8) 0.0296(8) 0.0231(8) -0.0027(7) 0.0107(6) 0.0038(7) 
C(7) 0.0156(9) 0.0156(9) 0.0140(9) -0.0011(7) -0.0003(7) -0.0016(7) 
I( 1) 0.02284(8) 0.02117(8) 0.01744(8) 0.00169(5) 0.00234(5) -0.00414(5) 
C(8) 0.0169(9) 0.0152(9) 0.0134(9) 0.0011(7) 0.0010(7) -0.0014(7). 
C(9) 0.0176(9) 0.0164(9) 0.0174(9) -0.0017(7) -0.0022(7) -0.0003(7) 
0(3) 0.0242(8) 0.0202(7) 0.0277(8) -0.0037(6) 0.0081(6) 0.0017(6) 
0(4) 0.0285(8) 0.0129(7) 0.0210(7) 0.0006(6) 0.0052(6) 0.0022(6) 
C(10) 0.0294(11) 0.0137(9) 0.0263(11) -0.0023(8) -0.0019(9) 0.0026(8) 
C(II) 0.0483(16) 0.0197(11) 0.0432(15) 0.0070(11) 0.0036(12) 0.0008(11) 
Table 5. Hydrogen coordinates and isotropic displacement parameters (N) for gw2. 
x y z U 
H(I) 0.5549 0.4883 0.6954 0.026 
H(2) 0.5269 0.3183 0.7891 0.030 
H(3) 0.6539 0.1484 0.7300 0.030 
H(4) 0.8035 0.1496 0.5744 0.024 
H(10A) 0.7259 0.8587 0.5644 0.028 
H(IOB) 0.5660 0.8343 0.4926 0.028 
H(IlA) 0.8740 0.8967 0.4083 0.056 
H(llB) 0.7212 0.9817 0.4133 0.056 
H(11C) 0.7157 0.8713 . 0.3363 0.056 
Appendix 2 
Table I. Crystal data and structure refinement for gw5. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Ce"ll volume 
Z 
Calculated density 
Absorption coefficient !1 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
6 range for data collection 
Index ranges 
Completeness ·to 6 = 26.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F'>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data / restraints / parameters 
Final R indices [F'>2cr] 
R indices (all data) 
Goodness-of-flt on F' 
Largest and mean shiftlsu 
Largest diff. peak and hole 
gw5 
C"H,oN,O,S, 
456.52 
150(2) K 
MoKCL, 0.71073 A 
triclinic, P 1 
a = 8.0470(9) A 
b = 11.6176(13) A 
c = 12.3161(14) A 
1073.2(2) A' 
2 
1.413 g/cm' 
0.285 mm-I 
476 
CL = 105.163(2)° 
P = 104.040(2)° 
y= 91.467(2)° 
colourless, 0.58 x 0.33 x 0.16 mm' 
.5302 (6 range 2.17 to 28.62°) 
Bruker SMART 1000 CCD diffractometer 
co rotation with narrow frames 
1.77 to 28.71° 
h-IOto 10, k-14to 14, l-16to 16 
99.1 % 
0% 
9589 
4982 (R;" = 0.0143) 
4117 . 
semi-empirical from equivalents 
0.852 and 0.956 
direct methods 
Full-matrix least-squares on F' 
0.0418, 0.4308 
4982/0/282 
RI = 0.0339, wR2 = 0.0845 
RI = 0.0434, wR2 = 0.0901 
1.038 
0.000 and 0.000 
00415 and -0.212 e A-' 
Table 2. Atomic coordinates and equivalent isotropic displacement parameters (A') 
for gw5. U,q is defined as one third of the trace of the orthogonalized UJ tensor. 
x y z U,q 
0(1) 0.14927(15) 0.55495(10) 0.10677(9) 0.0299(3) 
C(I) 0.22221(18) 0.59119(13) 0.20881(13) 0.0218(3) 
S(I) 0.22073(5) 0.51130(3) 0.31375(3) 0.02569(10) 
C(2) 0.34984(19) 0.62774(13) 0.42537(13) 0.0221(3) 
C(3) 0.39285(18) 0.72141(13) 0.38281(12) 0.0190(3) 
N(I) 0.31619(15) 0.70 190( I 0) 0.26336( I 0) 0.0188(2) 
C(4) 0.49753( 19) 0.82220(13) 0.45623(13) 0.0242(3) 
C(5) 0.5557(2) 0.82802(15) 0.57345(14) 0.0303(4) 
C(6) 0.5112(2) 0.73531(16) 0.61620(14) 0.0331(4) 
Cl7) 0.4081(2) 0.63407(15) 0.54262(14) 0.0298(3) 
C(8,) 0.37769(18) 0.76862(13) 0.19597( 12) 0.0198(3) 
C(9) 0.52637(19) 0.72852(13) 0.15605(13) 0.0227(3) 
0(2) 0.60535(14) 0.78269(10) 0.10872(10) 0.0300(3) 
0(3) 0.56681(14) 0.62241(9) 0.17481(10) 0.0267(2) 
C(IO) 0.7033(2) 0.56S80(15) 0.12664(17) 0.0333(4) 
C(1I) 0.7110(3) 0.44552(17) 0.14179(18) 0.0409(4) 
C(12) 0.30442(18) 0.86789(13) 0.17110(12) 0.0197(3) 
S(2) 0.40285(5) 0.96256(3) 0.10957(3) 0.02409(10) 
C(13) 0.2380(2) 1.05794(13) 0.11605(12) 0.0238(3) 
C(14) 0.11484(19) 1.01646(13) 0.16204(12) 0.0220(3) 
N(2) 0.15247(15) 0.90823(11) 0.18903(10) 0.020J(2) 
C(15) -0.0260(2) 1.07910(14) 0.17710(14) 0.0280(3) 
C(16) -0.0412(2) 1.18388(15) 0.14270(14) 0.0322(4) 
C(17) 0.0806(2) 1.22546( 14) 0.09511(14) 0.0320(4) 
C(18). 0.2218(2) 1.16271(14) 0.08110(13) 0.0284(3) 
C(19) 0.02552(18) 0.83817(13) 0.21774(13) 0.0217(3) 
C(20) 0.05760(19) 0.85879(13) 0.34804( 13) 0.0229(3) 
0(4) 0.14569(15) 0.94245(10) 0.41997(10) 0.0290(2) 
0(5) -0.02775(15) 0.77136(10) 0.37009(10) 0.0286(2) 
C(21) -0.0120(2) 0.78093(16) 0.49306(15) 0.0336(4) 
C(22) -0.0973(3) 0.66570(17) 0.49745(18) 0.0439(5) 
Table 3. Bond lengths [A) and angles [0) for gw5. 
O(I)-C(I) 1.2058(18) C(l}-N(1) 1.3889(18) 
C(I}-S(I) 1.7794(15) S(I)-C(2) 1.7497(15) 
C(2)-C(7) 1.387(2) C(2)-C(3) 1.395(2) 
C(3)-C(4) 1.387(2) C(3}-N(I) 1.4052( 18) 
N(I)-C(8) 1.4320(17) C(4)-C(5) 1.388(2) 
C(5)-C(6) 1.391(2) C(6)-C(7) 1.386(2) 
C(8)-C(12) 1.380(2) C(8)-C(9) 1.444(2) 
C(9}-O(2) 1.2210(18) C(9}-O(3) 1.3461(18) 
0(3)-C(10) 1.4508(18) C(IO)-C(ll) 1.493(2) 
C(12}-N(Z) 1.3674(18) C(12}-S(Z) 1.7589(14) 
S(2)-C(13) 1.7536(16) C(13)-C(14) 1.388(2) 
C(13)-C(18) 1.392(Z) C(14)-C(15) 1.387(Z) 
C01 4}-N(2) 1.4044(18) N(2)-C(19) 1.4541(18) 
C(IS)-C(16) 1.389(2) C( 16)-C( 17) 1.393(3) 
C( 17)-C(18) . 1.387(2) C(19)-C(20) . 1.515(2) 
C(20}-O(4) 1.2006(19) C(20}-O(5) 1.3328(18) 
0(5)-C(ZI) 1.4629(19) C(21 )-C(22) 1.508(2) 
O(I)-C(I}-N(I) 125.78(14) O(I)-C(I}-S(I) 124.75(12) 
N(1)-C(l }-S(1) 109.45(10) C(2}-S(l}-C(l ) 91.63(7) 
C(7)-C(Z}-C(3) 120.80(14) C(7}-C(2}-S( I) 128.04(12) 
C(3)-C(Z}-S(I) 111.16(11) C(4}-C(3}-C(2) 120.85(13) 
C(4)-C(3}-N(I) 126.22(13) C(2)-C(3}-N(I) 112.91(12) 
C(1}-N(1)-C(3) 114.73(11) C(I}-N(I}-C(8) 120.08(12) 
C(3}-N(1)-C(8) 121.68(12) C(3)-C(4}-C(5) 118.12(14) 
C( 4)-C( 5)-C( 6) 121.07(15) C(7}-C(6}-C(5) 120.80(15) 
C( 6}-C(7}-C(2) 118.36(15) C(12)-C(8}-N( I) 123.28(13) 
C(12)-C(8}-C(9) 120.30(13) N(I}-C(8}-C(9) 116.41(12) 
0(2)-C(9}-O(3) 123.38(14) 0(2}-C(9}-C(8) 124.44(14) 
0(3)-C(9}-C(8) 112.16(12) C(9}-O(3}-C(10) 116.12(12) 
0(3)-C(10}-C(11) 107.69(14) N(2}-C(12}-C(8) 127.51(13) 
N(2}-C(IZ}-S(Z) 110.27(10) C(8}-C(12}-S(Z) lZZ.2Z(II) 
C(13}-S(Z}-C(IZ) 91.11(7) C(14}-C(13}-C(18) IZO.9Z(15) 
C(14)-C(13}-S(2) III.3Z(l1) C(18}-C(13}-S(Z) 1Z7.76(13) 
C(l5)-C(14 }-C(l3) 121.23(14) C(15}-C(l4}-N(2) 126.68(14) 
C(13)-C(14}-N(Z) 112.08(13) C(12}-N(2}-C(14) 115.11(12) 
C(12}-N(Z}-C( 19) 123.44(12) C(14}-N(2}-C(19) 120.89(12) 
C(14)-C(15}-C(16) 117.66(15) C(15}-C(16}-C(17) 121.53(16) 
C( 18)-C( 17}-C( 16) 120.46(15) C(17}-C(18}-C(13) 118.19(15) 
N(2}-C( 19}-C(20) 111.73(12) O( 4}-C(20}-O(5) 125.56(14) 
O( 4)-C(20}-C(19) 124.57(13) 0(5}-C(20}-C(19) 109.86(13) 
C(20}-O(5}-C(21) 116.01(13) 0(5}-C(21}-C(22) 106.63(15) 
Table 4. Anisotropic displacement parameters (N) for gw5. The anisotropic 
displacement factor exponent takes the form: -27t'[h'a*'U" + ... + 2hka*b*U'2] 
U" V22 U33 U23 UD Un 
0(1) 0.0327(6) 0.0312(6) 0.0216(6) 0.0053(5) 0.0018(5) -0.0050(5) 
C(I) 0.0200(7) 0.0211(7) 0.0244(7) 0.0063(6) 0.0061(6) 0.0006(6) 
S(I) 0.0319(2) 0.0 1978( 18) 0.0250(2) 0.00790(14) 0.00543(16) -0.00290(15) 
C(2) 0.0241(7) 0.0199(7) 0.0224(7) 0.0062(6) 0.0056(6) 0.0034(6) 
C(3) 0.0187(7) 0.0201(7) 0.0196(7) 0.0063(5) 0.0060(5) 0.0049(5) 
N(I) 0.0192(6) 0.0196(6) 0.0190(6) 0.0074(5) 0.0054(5) 0.0007(5) 
C(4) 0.0237(7) 0.0212(7) 0.0259(8) 0.0053(6) 0.0043(6) 0.0013(6) 
C(5) 0.0313(8) 0.0276(8) 0.0248(8) 0.0011(6) 0.0008(7) 0.0004(7) 
<;(6) 0.0408(10) 0.0365(9) 0.0198(8) 0.0082(7) 0.0031(7) 0.0061(8) 
C(;7) 0.0384(9) 0.0286(8) 0.0259(8) 0.0127(6) 0.0088(7) 0.0067(7) 
C(8') 0.0197(7) 0.0223(7) 0.0192(7) 0.0073(5) 0.0067(5) -0.0006(5) 
C(9) 0.0213(7) 0.0242(7) 0.0221(7) 0.0058(6) 0.0058(6) 0.0001(6) 
0(2) 0.0272(6) 0.0333(6) 0.0372(6) 0.0149(5) 0.0169(5) 0.0032(5) 
0(3) 0.0239(5) 0.0248(6) 0.0360(6) 0.0101(5) 0.0141(5) 0.0058(4) 
C(IO) 0.0269(8) 0.0297(9) 0.0473(10) 0.0079(7) 0.0195(8) 0.0075(7) 
C(II) 0.0456(11) 0.0341(10) 0.0483(11) 0.0132(8) 0.0187(9) 0.0164(8) 
C(12) 0.0196(7) 0.0230(7) 0.0163(7) 0.0054(5) 0.0044(5) -0.0023(5) 
S(2) 0.02607(19) 0.02533( 19) 0.02495(19) 0.01145(15) 0.00956( 15) -0.00006( 14) 
C(13) 0.0302(8) 0.0226(7) 0.0173(7) 0.0062(6) 0.0034(6) 0.0000(6) 
C(14) 0.0258(7) 0.0214(7) 0.0171(7) 0.0060(5) 0.0019(6) 0.0010(6) 
N(2) 0.0192(6) 0.0209(6) 0.0222(6) 0.0093(5) 0.0054(5) 0.0014(5) 
C(l5) 0.0304(8) 0.0258(8) 0.0285(8) 0.0095(6) 0.0065(7) 0.0047(6) 
C(16) 0.0390(9) . 0.0259(8) 0.0298(8) 0.0081(7) 0.0045(7) 0.0090(7) 
C(17) 0.0499(10) 0.0192(7) 0.0241(8) 0.0084(6) 0.0014(7) 0.0038(7) 
C(l8) 0.0408(9) 0.0232(8) 0.0200(7) 0.0079(6) 0.0042(7) -0.0028(7) 
C(19) 0.0175(7) 0.0237(7) 0.0262(7) 0.0108(6) 0.0058(6) 0.0006(6) 
C(20) 0.0205(7) 0.0233(7) 0.0307(8) 0.0125(6) 0.0115(6) 0.0072(6) 
0(4) 0.0340(6) 0.0250(6) 0.0288(6) 0.0063(5) 0.0111(5) 0.0010(5) 
0(5) 0.0339(6) 0.0267(6) . 0.0312(6) 0.0130(5) 0.0145(5) . 0.0003(5) 
C(21) 0.0471(10) 0.0321(9) 0.0321(9) 0.0150(7) 0.0224(8) 0.0093(8) 
C(22) 0.0643(13) 0.0345(10) 0.0523(12) 0.0237(9) 0.0371(10) 0.0143(9) 
Table 5. Hydrogen coordinates and isotropic displacement parameters (A 2) 
for gw5. 
x y z U 
H(4) 0.5285 0.8854 004271 0.029 
H(5) 0.6270 0.8965 0.6253 0.036 
H(6) 0.5520 0.7414 0.6~68 0.040 
H(7) 0.3781 0.5706 0.5717 0.036 
H(lOA) 0.8146 0.6172 0.1678 0.040 
H(IOB) 0.6793 0.5651 0.0430 0.040 
H(lIA) 0.7428 0.4505 0.2250 0.061 . 
H(IIB) 0.7972 004051 0.1053 0.061 
H(IIC) 0.5982 0.4000 0.1050 0.061 
H(;l5) -0.1092 1.0513 0.2098 0.034 
H(Hi) -0.1368 1.2282 0.1519 0.039 
H(17) 0.0668 1.2973 0.0721 0.038 
H(l8) 0.3053 I.I 905 0.0486 0.034 
H(19A) 0.0292 0.7521 0.1805 0.026 
H{l9B) -0.0908 0.8601 0.1861 0.026 
H(21A) -0.0696 0.8501 0.5279 0.040 
H(2lB) 0.1107 0.7919 0.5367 0.040 
H(22A) -0.2169 0.6539 004505 0.066 
H(22B) -0.0952 0.6698 0.5783 0.066 
H(22C) -0.0354 0.5985 0.4664 0.066 

-- ---- -------------
